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THE LIGHTING OF RAILWAY TRAINS. 


THE success attending the trials of the electric light, 
to which we referred in a previous article, would 
appear to fairly dispose of any question of doubt as to 
its practical application for this purpose. It is under- 
stood that these trials were undertaken, in the first 
instance, with the object of ascertaining whether this 
form of light could be applied in such a manner as to 
meet, to the utmost, the exigencies of railway working. 
To this intent the trains were to be capable of being 
broken up, or made up, at any point of the journey ; 
portions were to be sent certain distances dependent 
entirely upon the current stored up within the vebicles 
so despatched ; carriages were to be “slipped” on the 
way, and the whole train was to be capable of being 
turned about in any direction. In fact, the officials 
were to deal with it precisely as they would with any 
other train not so fitted with electrical apparatus, 
except that the stock was to be kept together, so far as 
it could be, in order that the electrical continuity 
throughout the train might not be disturbed—not that 
this has always been secured. On the best regulated 
lines mishaps will arise, and so, with these experi- 
ments, cases have occurred more than once when this 
continuity has, by the interposition of an unfitted 
vehicle, been broken. Yet the lighting has gone on. 
Of course, the vehicles thus separated from the dynamo 
have missed their charge on the journey ; but it does 
not appear to have done much harm, for, with prompt 
regularity, the trains may have been noticed arriving 
and leaving St. Pancras at their appointed times. 

Now, when we come to consider that here we have 
two trains specially fitted, required to run long trips— 
London, Manchester, and Liverpool—to and from, 
daily, without spare vans or dynamos, subject to really 
unavoidable interference occasionally, and yet con- 
tinuing to respond satisfactorily to that demanded of 
it, we are forced to the conclusion that the obstacles 
which stood forth when its application to general rail- 
way requirements were first considered, and which we 


may assume have for so long deterred others from 


boldly facing them, have been overcome, and that 
electricity has found in railway train lighting a field of 
utility of no mean extent. The practicability of its 
application is established. 

Happy in the success achieved, it, however, behoves 
us to pursue our way with unwonted wariness. We 
have little fear of the verdict of the public in their 
choice of the form of light which would be most agree- 
able to their taste ; still, the voice of the public, recog- 
nised as it often is, is not always strong enough to 
control the purse-strings. In compressed oil gas the 
electric light will find a powerful opponent. In gas we 
have an old-established friend which needs no experi- 
ments to prove its adaptability. It has been in use on 
our Metropolitan, and to some extent on other lines, 
the Midland included, for some time. As an illuminant 
opposed to the old oil lamps it has gained praise, and 
been received by many with satisfaction. Doubtless, 
with strict attention to the pressure and a somewhat 
more liberal supply of burners, it may be made as good 
a reading light as can be required. But when this has 
been done and the highest brilliancy required has been 
attained, have. we achieved all that is desired ? Would 
gas, even then, hold the field against the electric light ? 
We believe it will not. We believe the electric light 
is destined to be the light of the future in this as in 
many other ways. We are by no means bigoted in this 
assumption. Our reasons are obvious. 

Railway companies will naturally not be oblivious 
to the views of their patrons, still they will consider 
the question of cost, and that very carefully. Gas, as 
we say, has passed its experimental stage. What it 
will do; what it will cost is before us. Electricity is, 
in this case certainly, in its infancy. What it can do 
we know, but what it will cost is not so clear—with 
electricity everything is new. Its cost, whatever it is, 
is at its maximum ; with it, not as with gas, progress 
means reduced cost. Each extension of its application 
will show us some way of reducing charges—some 
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electric light, which are not required to be broken up 
on the journey or at its end, the cost of fitting and 
working must evidently be very moderate ; but where, 
as in main line trains, each carriage has to carry its 
own batteries, the cost will doubtless be materially in- 
creased, and here it is that a comparison between the 
cost of fitting railway stock with the electric light will 
vie with that for gas. Should the cost be the same, or 
thereabout, then the advantage is certainly in favour 
of electricity for the reasons already announced ; viz., 
that in the one case we are dealing with that which 
has been worked out to its lowest depths, whereas with 
the new illuminant we have everything new—new 
applications, new designs and models. Arrived at a 
beaten track, applied in large quantities, railway com- 
panies will, we have no hesitation in saying, find the 
cost quite cope with that of gas. This, as regards 
main line trains : with trains not to be broken up, the 
cost must be materially Jess. 

In considering the application of compressed gas 
there are many points to which it is desirable attention 
should be directed, and that in no doubtful sense. 
The real cost of anything of this nature is, after all, 
not so much in the first outlay as in its working. 
Manufacturers will inform us that compressed gas can 
be produced at ‘15 of a penny per light per hour. We 
hardly think this is the case wth the lights on the 
Metropolitan ; but whether such is so or not, is this the 
actual cost for the light produced in the carriage ? We 
know such is not the case. The real cost of gas-lighted 
trains is to be found in the attendant expenses— 
expenses which do not appear, and which have been 
practically disregarded. Let us run our eye over any 
large railway system, and for a moment study its 
method of working. How many gas manufacturing 
depéts will it require to feed all its trains with gas ? 
Can those depédts be established at the stations at which 
the trains are made up, or must the coaches be con- 
veyed to the depéts for the purpose? In either case, a 
considerable cost must be incurred. Are such charges 
taken into consideration ? We have never seen them 
included in any statement of cost. We have heard it 
said that compressed gas may be manufactured at any 
reasonable distance, and carried to the chief stations 
for supplying the coaches. We question whether the 
traffic of a busy station would admit of trains standing 
for this purpose. To take as an example the Metro- 
politan is scarcely a fair comparison, for the reason that 
its trains travelling in acircle are in their ordinary 
course able to pause at the charging station at stated 
times. I{s area is circumscribed, whilst its consumption 
is practically continuous—all telling in favour of a 
cheap production. Gas or electricity to prove eco- 
nomical must be applied to the entire stock. To 
employ either partially means the retention of the 
existing ‘staff of lamp attendants, lamp rooms, &c. In 
such circumstances confusion rather than economy 
would be the result. 

Tt is not for us to prejudge the matter either way, 
nor to urge railway companies to embark hastily in the 
adoption of that, the very novelty of the application of 
which should induce us to proceed with care and 


certainty as we go. At the same time, it would be 
a sheer waste of money to incur the expense of the 
adoption of gas when there appears so little doubt of 
the more acceptable form of light being entirely at 
their disposal practically forthwith. 


ELECTRICAL COMPANIES. 


COMPANIES are of ancient origin. Adam and Eve 
were a limited company—a very limited company— 
which soon got into trouble, as has been a way with 
companies from their earliest history. Nature has 
formed some men to form companies, and some to be 
shareholders in companies, which is considerate, and 
good for the former. Directors she seems to have fre- 
quently left to chance. 

Companies have their use, or they would not exist. 
They also have their abuse ; much, sometimes. In the 
present day they are necessary evils. Money is more 
diffused than it was, and co-operation in some form is 
a necessity. Although the time may be coming when, 
as Disraeli predicted, there will be only the very rich 
and the very poor, at ipresent there is still a middle 
class with moderate sums to invest, and they form the 
bulk of holders in most undertakings. The large 
blocks of shares are, of course, held by the wealthy, 
and a fair sprinkling of titles is to be found on all 
lists of established companies. 

The Companies’ Acts have met a decided want. 
Formerly, many a family was ruined through the 
head possessing shares on which he had to pay 
call upon call, because some of his co-shareholders 
were impecunious, and others judiciously disappeared. 
If a man now invests more deeply than he can 
afford in any one concern, he must take the conse- 
quences ; but if he uses common discretion, although 
he may lose money, he is protected from destruction. 
Barristers, solicitors, auditors reap rich harvests of fees, 
the guinea-pig flourishes and waxes fat, and a company 
requires more clerks than a private firm. These live on 
the profits of the company, if it make any, to the good 
of the community, which accounts partially for the fact 
that sound businesses turned into limited companies 
often make poorer net returns thereafter. 

But there are many valid reasons why they should 
be so converted. A one-man business may be the best 
managed, because the strings are all in one hand ; but 
should that hand fail, it is liable to fall like a house of 
cards. Therefore, a prudent father forms his business 
into a joint stock one, in order that when he is gone his 
family may retain a substantial interest in it. Or 
perhaps extra capital can be employed with remunera- 
tive effect, and so the public be admitted to their advan- 
tage, without loss of income to the proprietor. Again, 
a new and large enterprise has to be started. The 
initiator has not the capital, and it would be impos- 
sible to find one rich man to risk the venture. Here 
the limited company is a distinct benefit to commerce. 
The other side of the picture is when rotten businesses 
appeal to the public for a new lease of life, and imma- 
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ture or unprofitable projects are brought before it. 
The remedy in these cases is with the public itself: it 
can let them alone. Caveat emptor is a necessary rule, 
and there are those whom no legislation can protect. 

Undoubtedly the private firm has the best chance, 
especially in technical businesses. In it there is but 
one interest. If the head suffers all the members suffer 
with it. In companies the interests are various, and 
often conflicting. There is the company’s interest, 
which is looked after so long as it jumps with the 
personal. It is useless to say this should not be so, and 
no safeguards can entirely prevent it. Other than clever 
men are no use, and clever men are usually ambitious. 
They have constantly before their eyes the day when 
they will start for themselves, and look upon their 
situation as a place wherein to gain experience and 
connection. They strive their hardest for power, 
because power means pay. They have a great objec- 
tion to-a good second, and not unfrequently attempt to 
make their position more secure by getting rid of such 
an one. A board is not composed of directors who all 
know the details of the affair which they control. Some- 
times none of them do. It falls into the hands of an 
executive officer whom they trust sometimes too little 
and sometimes too much. If the former, he is hampered ; 
if the latter, he presses for more salary. Boards make 
work in a variety of ways; their ingenuity is some- 
times astonishing, and that work has to be paid for. The 
registration of shares, printing of circulars, postages, 
and kindred expenses are inseparable from company 
management. The solicitor and expert have to be 
called in more frequently than in firms, and there is 
the professional audit. All these expenses tell up, 
and, appreciably felt in large concerns, press heavily 
on small. The limiting of small affairs should be 
deprecated. It offers a temptation to the manager to 
obtain credit recklessly, and can rarely result in per- 
manent good to anybody. 

On the other hand, large undertakings, especially 
connected with anew industry such as electric lighting 
and power, some of which, from necessity, must be 
commenced on a sufficiently large scale, could hardly 
be inaugurated privately. For such schemes capital 
must be drawn from an extended field, and the wider 
the area the better. 

In eschewing the evil and choosing the good, depends, 
as we have before pointed out, the credit of the industry 
and the hope of investors. 


IN another portion of our journal will be found a 
description of an earthenware pipe or conduit for 
underground mains, which promises to be successful 
in many cases, especially through ground not likely to 
be disturbed by traffic, &c. (one of the great causes of 
failure where earthenware pipes have been used), as 
the addition of extra cables will not be a matter of 
great difficulty. This is the earthenware pipe designed 
for the Nostell Priory installation, and manufactured 
and;laid down in the summer of 1887. There is, how- 
ever, one strange point about this particular system of 
piping, and that is, that a precisely similar plan has 
been recently but independently suggested. 


IN a paper read before the Electrical Engineers last 
session by Mr. Verity on “ Underground conduits and 
electrical conductors,” a system almost identically 
similar is described there under the name of the 
“Doulton conduit,” but no mention is made, however, 
of such a conduit having ever been in practical use. 
The conduit we have mentioned in our article was, as 
we have personal knowledge of, laid down in 1887. So 
to all appearance this latter one would seem to have 
priority. 


THE following facts, however, would seem to give 
some further information on the subject. On June Lst, 
1888, we published an article by Mr. Chas. W. Farquhar 
(to which our attention has now been directed) giving a 
brief description with illustrations of a system being 
introduced (under a patent) by the firm of Doulton and 
Co., Lambeth, London. This description agrees almost 
exactly with the one we have mentioned, which was 
actually underground about 12 months previously. 
This is another instance of how similar ideas and pro- 
ductions emanate from two different people working 
unknown to each other. In this case, however, there 
cannot be much doubt about the priority of claim. 


THE number of deaths which have taken place 
during the last few months in New York through 
persons coming into contact with electric light con- 
ductors has caused the Board of Electrical Control 
there to issue very stringent regulations regarding 
these wires, the most important being that they shall 
all be placed underground. The result of this has 
been that many miles of conductors have been 
ruthlessly cut down by the order of the Mayor of that 
city, and there are yet thousands of miles of overhead 
electric light wires to be removed and new cables to 
be placed underground in their stead. The public 
sentiment against overhead conductors has, in conse- 
quence of the many casualties, become so strong, that 
no other course seemed open for the Board of Control 
to adopt, and now many of the streets in which elec- 
tric lighting was formerly employed are at present 
either in darkness at night, or are lighted as previously 
by gas. In England, owing to the liberal policy of 
the Board of Trade, no similar drastic measures have 
been taken, and the “ model order” of Major Marindin, 
which stipulates that in future all electric light con- 
ductors shall be placed underground, and that those 
already carried overhead shall within two years from 
the issue of the regulation be laid underground has, 
with the exception of one or two minor points, met 
with general approval. The fact that this policy has 
been followed in this country, and that almost similar 
steps have been taken in New York, has caused the 
governments of other countries to consider the subject. 
The German Government is now taking action in the 
matter, and has just decided to put underground all the 
telephone, telegraph and, we also believe, the electric 
light wires. In Paris most of the electric light 
cables are laid underground, but in the French pro- 
vincial towns they are generally run overhead. This 
state of affairs prevails also in Spain and, to a certain 
extent, in Austria-Hungary. The most recent to take 
action in this direction is the Italian Government, 
which has just adopted a policy by which the telegraph 
and telephone wires, the latter of which the Govern- 
ment proposes to acquire, will be protected from the 
influence exerted upon them both by the induction 
from and contact with electric light and power cables. 
The regulations may be seen in our other pages, 
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IN underground wiring, the most essential point is 
to commence by laying down the best of cable, for 
unless the cable is good as to insulation, well protected 
mechanically, and of sufficient section to resist longi- 
tudinal expansion during the process of drawing it into 
the conduits, the subsequent working of the electric 
circuit on which it is employed must always be un- 
satisfactory. American experience has shown that a 
cable, having a core of No. 10 copper, was so injured 
whilst being laid that it was quite useless during damp 
weather, and gave rise to much trouble. On replacing 
it with another, with a core of No. 8 copper wire, the 
difficulty was overcome, and it was found no longer 
compulsory to use a watertight conduit. If wood is 
employed in the construction, the chief care to be 
observed is to avoid preserving the timber with creo- 
sote, or any substance exerting a destructive effect on 
the lead covering, After drawing the cable through a 
duct the ends should never be left open, otherwise 
dampness invariably creeps up the core and damages the 
insulation, With the above precautions being observed, 
there bas been little trouble in keeping a line in work- 
ing order at Springfield, Mass., for more than three 
years. 


THE application of Mr. Leeson for an injunction to 
restrain the General Medical Council from removing 
his name from the register of medical practitioners has 
failed, although Mr. Justice Fry, for reasons best known 
to himself, disagreed with his brother judges. How- 
ever, this gentleman’s interpretation of a diaphragm in 
a famous telephonic lawsuit was sufficiently removed 
from the views held by less intellectual people to stamp 
him as the possessor of very original powers of reason- 
ing. We trust that this action on the part of the 
General Medical Council is but the beginning of the 
end, and probably Mr. Leeson has now every reason 
to regret that he became the Associate of the President 
of the British Association of Medical Electricians. 


Modern Light and Heat appears to have started a 
Westinghouse baiting match,and in the course of its 
criticisms does not spare Mr. Westinghouse personally 
nor the manner in which his companies have been 
financed and managed. 


EDISON has gained another victory in a patent case ; 
this time in Canada. It will be remembered that the 
Deputy-Commissioner of Patents decided last February 
adversely to the Edison incandescent lamp patent, and 
under sec. 37, chap. 61, Revised Statutes of Canada, it 
was declared null and void. Some doubt arose as to 
the jurisdiction of the Deputy-Commissioner, and it 
was decided to retry the case. The case was accordingly 


reheard before the Minister of Agriculture ; the Minister ~ 


of Justice sat with the Minister of Agriculture at the 
hearing. At the new trial the former evidence was 
accepted by both parties, and some further evidence 
was taken. Besides the argument at the first hearing, 
a written statement was put in, with consent, by the 
respondents, to which the petitioners furnished a reply. 
The Minister found for the validity of the patent for 
the following reasons:—(1) That the patentee did, 
within two years from the date of the patent in dispute, 
commence to construct lamps under the invention com- 
prised in the patent, and thereafter continuously carry 
on the manufacture of such lamps in Canada. (2) That 
after the expiration of 12 months from the granting of 
said patent neither the patentee nor his agents did 
import the invention for which the patent was granted. 


JUDGING from the report drawn up by the Minister 
of Justice, we should say that Edison is fairly entitled 
to his verdict. The points on which the petitioners 
relied to invalidate the patent are somewhat trivial : 
(1) That an extension of time for commencing the 
manufacture of lamps in Canada was obtained in 1881 
by fraud. This application was an ex parle statement 
necessarily, and although possibly exaggerated, there 
was no evidence of fraud. (2) That completed lamps 
were imported. Four lamps were imported which 
could only be looked upon as samples showing what 
the complete invention had to be, and some lamps said 
to have been imported for the Latrine Canal, turned 
out to be lamp fittings, not lamps. (3) That the lamps 
made in Canada were constructed with parts manufac- 
tured abroad, and imported from the Edison factories 
in the United States. These parts consisted of glass 
bulbs, platinum wire, copper wire, baked filaments, and 
connection pieces. None of these parts, as imported, 
being claimed in the patent, and as each part may be 
used by any person for divers purposes ; and as all the 
essential portions of the lamp, viz. that which is 
covered by the patent, is done in Canada, there can be 
no reason sufficiently strong to upset the patent rights 
in the mere fact that some parts used in the complete 
manufacture were imported. (4) That lamps could not 
be had to purchase at a reasonable price. All under 
this head that can be alleged against the respondents is, 
that in the early days, they would not sell their lamps 
to people not provided with the Edison dynamo and 
plant, as it had been proved on several occasions when 
the Edison lamp was run by plants of other makers, to 
be detrimental to the Edison interests. The restriction 
as to sales was eventually withdrawn. The contention 
by the petitioners that the manufactory erected in 
Canada, and the lamps made therein—which latter 
could not be purchased—were only means of “ fooling 
the Canadians,” could not be supported, as the factory 
had turned out, up to the end of last year, some 66,500 
completed lamps. 


“ Tv is seldom that this journal refers to its merits or 
institutes comparisons between its achievements and 
those of its contemporaries. But the last number of the 
Western Electrician so strikingly illustrates its supe- 
riority, that we may be pardoned if we call attention 
to the fact.” This is the modest manner in which the 
electrical journal hailing from the “hub of the uni- 
verse” commences a leaderette which, of course, natu- 
rally ends in the complete discomfiture of its New 
York rivals at which it is aimed. We await with much 
interest the guid pro quo. 


AS underground conductors make way in London we 
may occasionally expect something like this in our 
dailies, unless precautions, in the nature of those which 
we have already indicated, are provided. A New York 
paper of recent date says : “ A manhole plate of ordi- 
nary size covers a manhole in the bend of Minetta 
Street. Yesterday that plate sailed skyward for a 
dozen feet, followed by a volume of flame beautiful to 
behold, and attended by a crash of glass from near-by 
windows and a reverberating report.” 


THE New York Electrical Engineer seems to be at 
loggerheads with qnite a number of its contemporaries. 
Modern Light and Heat states that this explosive maga- 
zine is familiarly known amongst the electrical frateT 
nity as the Westinghouse transformer. 
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ELECTRIC LIGHTING AT NOSTELL PRIORY. 


AN electric light installation of an important character, 
and possessing some features of exceptional interest, 
was carried out rather more than two years ago at 
Nostell Priory, near Wakefield, the well-known seat of 
Lord St. Oswald. A description was not given of this 
at the time, as it was considered desirable that certain 
portions of the work should have stood the test of time 
before being brought to the notice of our readers. 

When it was arranged that the Priory—a very large 
mansion, built during the last century—should be 
electrically lighted in preference to having gas brought 
in, it was decided that the power for doing so should be 
fixed at the collieries owned by Lord St. Oswald at 
Nostell, close to the Great Northern Railway, distant 
nearly half a mile from the house. The sale of the 
plant and cables at the Exhibition at South Kensington 
Was an opportunity which was utilised, and the large 
engine built by Messrs. Goodfellow and Matthews, of 
Hyde, and a quantity of heavy cables were purchased 
for the purposes of the installation. The engine was 
forwarded to Nostell, and, after being put in proper 
order, was fixed in position in the mechanics’ shop at 
the colliery works. The cables were examined after 
their delivery at the same place, and, being found 
to require a large amount of repairing and joint- 
ing, were forwarded to the works of Messrs. Walter T. 
Glover & Co., at Salford, Manchester. The cables, all 
of 19-strand heavy wires, amounting to a considerable 
number of various lengths, were found after examina- 
tion to be of different makes and insulation ; some of 
vuleanised rubber, some of pure rubber, and some of 
gutta percha insulation. It was found that, by the 
addition of some new cable, one main could be formed 
of wire insulated with pure rubber, whilst the other 
could be formed of vulcanised rubber, the gutta percha 
portions being left for house mains. After a consider- 
able amount of trouble, cutting out some bad joints 
(some unsoldered) and repairing numerous open places 
(where the exhibition mains had been tapped), the 
several cables were jointed up into four special lengths, 
coiled on drums and forwarded to Nostell. These 
lengths were specially arranged, in order to facilitate 
the operation of laying the cables underground. It 
may be remarked that the repaired cables, which had 
been put in thorough good order and excellently 
finished, tested very well before leaving the works, 
and also after being laid, and indeed up to the present 
time. 

The route from the Priory to the colliery was through 
the park, by which the house is surrounded, to the 
main road, a distance of about 250 yards, thence 
through a plantation and some fields, to the colliery, 
a distance of about 500 yards. The cables were so 
arranged that the only joints necessary should be 
made on the colliery side of the main road, where a 
special man-hole had been built, as the cables 
came in at different levels. Under the main road 
iron pipes, well jointed, had been laid, through which 
the cables were drawn; for the rest of the distance 
earthenware pipes of an entirely novel construction 
were used. These pipes facilitated the work of laying 
in the cables, and as time has shown, have answered 
a successfully the favourable expectations formed of 
them. 

The accompanying illustration will easily explain 
their special construction and novelty. These pipes 
are 6-inch earthenware sanitary pipes, with about one- 
third of the circumference nearly cut through before 
baking. When brought out for use, this portion of the 
pipe will, on being tapped along the nicks with a 
hammer, come loose, and can be lifted off. The pipes 
being laid in the trough prepared for them, and pro- 
perly jointed, it will be seen that throughout their 
length they will have the upper third of their circum- 
ference open, enabling cables to be easily deposited 
inside, without either damage to the pipes or the cables. 
In addition to this special arrangement, there was aiso 
provided in the pipes, at short intervals, an earthenware 


bridge of the formshown in the enlarged section, contain- 
ing two grooves for the cables to rest in and be kept 
separate, and having the under portion cut away, so that 
any water which might get into the pipes would have a 
free passage to the nearest drain place. The trench in 
which these pipes were laid was cut sufficiently 
deep to allow of a bed of rough clinker and 
brick, and up to the level of the top of the pipe 
to allow of drainage. From the house to the road- 
way there was a fall, but at the roadway the 
cables to the colliery were in consequence partly of 
the depth of the pipes under the road, and of the 
height of the bank on that side considerably higher 
than the others. It was necessary here to get down to 
the level of the pipes under the road, 2nd a manhole 
of considerable dimensions, well drained and bricked 
all round to a depth of 8 feet, was constructed ; at the 
lower level the cables from under the road came in, 
and at the upper level the cables from the colliery ; 
this manhole was well protected with a stone cover, 
and then a large amount of earth put over, La here 
the several cavles were permanently jointed, and after 
the lapse of more than two years we can safely assert 
that the cables in this manhole are in excellent con- 
dition, and the place itself all that could be desired. 


The drum carrying one cable was mounted on 
tressels which had been fixed on a low cart, and as the 
cart was drawn forward the cable was payed out and 
placed carefully in its proper groove in the earthen- 
ware pipe ; each cable was worked in the same way, 
and the time occupied was very short indeed ; it will 
be understood that the two cables from the house had 
to have their ends drawn through the pipes under the 
road. When the operation of laying the cables had 
been completed, and each cable properly placed in its 
own groove, the lid, or loose portion of the circum- 
ferenc’ of the pips, was put in its proper place after 
some clay had been put on the pipe edges ; when pressed 
home the joint was complete. The trenches were filled 
in, and have remained undisturbed ever since, except 
at one point for examination lately, when every- 
oe was found satisfactory, the lids being water- 
tight. 

We may add that some wires for the purpose of 
signalling and telephoning were placed in the pipes, 
and in the section between the house and the roadway 
an extra pair of cables was put in, with the view of a 
further extension of the installation. This was done in 
order not to have to disturb the ground near the 
mansion a second time. As regards these earthenware 
pipes, it may be mentioned that as it was only intended 
originally to place two cables in them, only two grooves 
were made in the bridges. This system of piping for 
underground cables was devised early in 1887 by the 
Hon. G. W. Winn, one of Lord St. Oswald’s sons, and 
the pipes were manufactured for him at Pontefract. 

The total nnmber of incandescent lamps in the house 
are equal to350 16-C.P. lamps ; but they comprise three 
300 C.P. Sunbeam lamps, some 32 C.P., a large number 
of 16 C.P., and some 8 C.P., which are used prin- 
cipally in the cellars and at various points. The 
“Sunbeam” lamps are used very effectively, fixed 
below the roof, lighting up the staircases and land- 


er 

2d 

rs 

l: 

he 

81 

nt 

re 

ps a 

oh 

at 

id 

2d 

ps 

es 

1d 

d, 

De 

is 

ts 

te » 

ot Pow 

er 

ps y 

id 

to 

yn | 

)0 

or 

id 

18 

e- 

1e 

i- 

w 7 

ir 

i- 

ta : 

a } 

LO 

at 

r 


THE TELZGRAPHIC JOURNAL AND 


714 ELECTRICAL REVIEW. 


[DECEMBER 27, 1889. 


ings ; other lamps have been fixed in existing 
fittings, which have been specially altered and wired. 
Some of the rooms on the ground-floor are most 
efficiently and surprisingly lighted by placing the lamps 
round the rooms, behind the cornices, and completely 
out of sight. The light is thrown on to the curved 
ceilings and reflected evenly over the rooms, which 
appear bathed in a soft and pleasant light without 
shadow, and as the various sources of the light are 
invisible the effect is very charming. This method of 
lighting, though somewhat wasteful of power, is ex- 
ceedingly successful and pleasing, and it has met with 
general approbation. Every precaution has been taken 
throughout the house with regard to the safety fuses, 
and switches are conveniently placed commanding 
various sections of lighting. Separate switches being 
also fixed to the individual lamps. The whole arrange- 
ments have worked up to the present in a most satis- 
factory manner, the more creditable as the principal 
share of the work was carried out by the Hon. G. W. 
Winn, who has not been brought up to the profession 
of an electrical engineer. 

The engineering shop at the colliery, which has been 
fitted up with the necessary power for lighting the 
Priory, contains some special features, for not only is the 
ordinary lighting of the house attended to, but there 
is a day service laid on, and a night and day ser- 
vice for the colliery below and the shops above; 
also an arc lamp service for the coal-yards and railway 
sidings. For the main service of the mansion there 
is an excellent Crompton dynamo, with an output of 
220 ampéres at 125 volts, driven by the Goodfellow 
and Matthew’s engine to which we have alluded. This 
engine is arranged with six cylinders, 7.e., with one 
high and one low pressure cylinder, working on each 
of three separate rods connected on to one crank, and 
arranged so that the circle is divided into three equal 
parts. The steam only acts on the outside areas of the 
pistons, thus rendering it possible to run those engines 
at a high speed. The steam is admitted to the respec- 
tive pistons by separate sets of piston valves, fitted with 
a patent relief motion for letting out any water which 
may accumulate from time to time in the cylinders, and 
which would otherwise cause damage to the engine. 

In addition to the main dynamo for the Priory 
installation, there are three small Crompton dynamos— 
one (90 ampéres at 100 volts) for the colliery lighting, 
and one (15 ampéres at 200 volts) for the arc lamps 
in the pit yard, and one dynamo (30 ampéres at 100 
volts) spare. At the colliery there are over 100 incan- 
descent lamps, of which a considerable number are 
below ground. In this shop is fixed a switchboard 
with the necessary ammeters and voltmeters, and the 
dynamos and circuits are so arranged that every com- 
bination is possible, so that the dynamos can be 
connected to all or any circuit. For the purpose of 
lighting, &c., a high speed three cylinder vertical 
engine works a countershaft, to which the several 
dynamos can be connected by a Mather and Platt 
clutch. This engine has been running night and 
day for a continuous run of many months without a 
breakdown. It was constructed at the colliery shops 


by the Hon. G. W. Winn, who is a mechanic of © 


the highest order. 
During the daytime.a current of low power is kept 
on the house mains, in order that light may be obtained 


’ in the cellars or other dark places ; and at a very short 


notice the whole power can be laid on. In this respect, 
as regards the application and distribution of power, 
the arrangements are simple and excellent. The 
dynamos and general fittings were supplied by Messrs. 
Crompton & Co., who also lent the services of some 
men to carry out the necessary wiring, connections, &c. ; 
the cables of the various sizes required were, as we 
stated, repaired and supplied by Messrs. W. T. Glover and 
Co., but the entire electrical arrangements, from the early 
conception to the final completion, have been designed 
and carried out under the skilful hand of the Hon. G. W. 
Winn, whose knowledge of electrical matters and sur- 
prising mechanical skill have made this installation espe- 
cially successful and remarkable in many of the details. 


ALTERNATING v. LOW-TENSION 
CONTINUOUS CURRENTS. 


“IT seems probable that the time is not far distant 
when the regulations governing the distribution of elec- 
tricity will rigidly prohibit direct electrical connection 
between the street wires and the local service wires 
inside houses, thereby excluding from dwelling places 
all the dangerous effects possible to ensue from acci- 
dental leakages in the underground system,” This is 
the conclusion arrived at by Mr. George Westinghouse, 
jun., in a reply he has published to Mr. Edison’s article 
in the North American Review, entitled, “ The Dangers 
of Electric Lighting.” The wording of the above para- 
graph sounds like a variation on Harold P. Brown, and 
is not wholly free from the suspicion that the subject 
has been viewed solely from the standpoint of self- 
interest. 

No commercial controversy has been carried on with 
so much bitterness as the struggle between the various 
électric light and power interests ; and the efforts of 
the great corporations to thwart one another, and to 
hinder their mutual progress, have been the means of 
squandering an immense amount of energy and money 
throughout the States. 

According to Mr. Westinghouse, the Edison system 
of distribution was founded on the existing method of 
gas distribution, in which the conductors are laid under 
the streets, with branches or connections to every house, 


_ supplied by generators placed in central stations. The 


pressure in an electric main constructed on this prin- 
ciple must necessarily be kept low, from the fact of the 
commercial impossibility of making an incandescent 
lamp of any desired high resistance. The formidable 
amount of copper required for a conductor carrying 
a sufficient current at low potential, has led to the 
adoption of the three-wire system (said to be an 
improvement on earlier patents of Sawyer and Brush). 
The electrical distribution by a network of wires is, 
however, different to that of a gas pipe system in regard 
to leakage. A gas leak is local, and produces no effect 
ata distance. A leak of electric current has a tendency 
to concentrate and form a short circuit, the result on 
surrounding substances being disastrous. When a gas 
pipe is fractured at one spot, much loss of gas will take 
place ; but it does not necessarily follow that the con- 
sumers should lose their supply. With the low pres- 
sure electric supply, a big leak or short circuit may ex- 
tinguish every light on the entire system ; repairs on a 
network also take more time to complete, owing to the 
difficulty of locating the fault. 

The supporters of the alternating current take excep- 
tion to the experiments conducted by Mr. A. E. Ken- 
nelly at the Edison laboratory, because the so-called 
alternating current used for these experiments was not 
the alternating current of commerce, but was an Edison 
direct continuous current, made alternating by a “ pole 
changer,” which is supposed to produce a far more 
dangerous current than the true alternating one from 
a Westinghouse machine, on account of the high 
tension resulting from a partial discharge of the field 
magnets. At any rate, there can be no dispute as to 
the current used by Mr. Kennelly being an alternating 
one, which was all that was required for his work ; the 
same can scarcely be claimed for an experiment made 
by Mr. Westinghouse to prove the dire effects of less 
than 100 volts continuous current on the human body. 
“Let anyone connect a tin pan to one of the electric 
wires, and place therein a thick piece of beef, and upon 
this a gridiron of metal connected to the other wire. 
The electrical energy exhibited in the steaming and 
cooking of this beef may possibly surprise the ex- 
perimenter. If the current is from an under- 
ground main, the experiment may be varied by con- 
necting the gridiron to 4 water pipe with like results. 
With even less than 100 volts, it is painful beyond 
endurance to press firmly with the hands the brushes 
or any bright brass work of the dynamo, or to 
grasp any metal connected with the wires.” From 
this it would appear that advocating alternating 
currents creates a tender skin, but, from our own 
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experience with well made English machines of 100 
volts potential, no such result has occurred in the 
least approaching to pain beyond endurance. For the 
tin pan and gridiron experiment, many live specimens 
of the Mullingar breed of cattle could be found willing 
to undergo the process—for a consideration ; but in 
that case we doubt the quoted results; the conditions 
would be different. In preparing the thick piece of 
beef, Mr. Preece’s celebrated experience with the pig 
had not been forgotten. 

There is a considerable amount of truth in the state- 
ment that the insulation required for a cable to carry 
a 1,000-volt alternating current in underground circuits 
affords greater security against leakage than the present 
somewhat slipshod method adopted by the Edison 
companies. 

The two parties agree on one point, viz., that no 
greater potential than 100 volts should be allowed 
to enter a private dwelling. The transformer people 
say that their system is safer than Edison’s, for the 
reason that the main current never enters the house. 
They cannot deny that under possible‘ circumstances 
that event might occur, and with fatal results as is 
evidenced by the fatality at Toledo, Ohio, on the 17th 
inst. ; this could not happen with Edison plant. The 
fire risk is common to both systems. The advantage 
offered by the alternating system, in supplying its cus- 
tomers over large areas and at a reasonable price, has 
made it popular, and on that account it is largely cutting 
out the continuous current for incandescent public 
lighting. 


TESTS OF THE TIMMIS AND FORBES PATENT 
ELECTRO-MAGNETIC RAILWAY BRAKE. 


THIS brake, which we illustrate below, depends for its 
action upon the attractive force set up between the 
poles of an electromagnet and its armature when a 
current flows round the former. Fig. 1 shows a railway 
axle and wheel with the brake applied, shown partly 
in section, and fig. 2 a front elevation of the same, the 
top quadrant showing the brake removed. A is a 
wrought iron ring fixed to the face of the wheel, and 
forms the armature. D is a wheel-shaped casting which 
does not revolve with the wheel, being prevented from 
so doing by tie rods attached to lugs, K. The rim, D, 
has a groove, E, in which a coil of insulated copper 
wire is wound, and two iron rings, F and F’, are fixed 
to the face, which become opposite poles when a cur- 
rent flows, the brake is then attracted to the armature, 
A, and enormous friction is produced between the large 
surfaces in contact, so stopping the train. Tests were 
arranged by Mr. E. R. Dolby for the patentees, and 
were carried out upon the main line of the London 
and North-Western Railway, between Adderley Park 
Station, Birmingham, and Stechford, which is an almost 
straight and level section, upon Sunday, December 8th, 
1889, as during the week the line is too fully occupied 
with traffic to be available. A 3rd class railway 
carriage with four wheels was fitted with a brake on 
each wheel, the brakes on each side being in series 
and the two groups in parallel ; the two on each side 
were linked together by tie-rods to prevent rotation, 
thus taking all strain off the framing of the vehicle; a 
secondary battery, consisting of 17 cells of the E.P.S. 
type, was placed in one of the compartments, and a 
switch, ammeter, and voltmeter were fixed in position ; 
the length of the body of the vehicle was 30 feet, wheel 
base, 14 feet, wheels 3 feet 6 inches diameter. The 
trial train consisted of : 
Tons. cwt. qrs. 


1 locomotive, No. 670, L. & N. W., and 1 


carriage fitted with brakes, weighing ... 8 19 2 
9 persons in carriage, at 10 stone each a | | 


1 ordinary brake van, L. & N. W., 6 wheels, 
body 30 feet long, wheel base 17 feet 


10 inches, and weighing ... 0 


and was arranged locomotive first, then the brake-test 
carriage, and last, the ordinary brake van. A slip 
coupling was provided between the locomotive and 
carriage by which at a given signal the engine could be 
freed. The train started at a convenient distance 
before a one-quarter mile post, and then for calculation 
of speed, the exact time occupied in covering the dis- 
tance between two one-quarter mile posts was noted in 
seconds. A fog signal was placed upon the line to give 
the exact moment for the release of the slip coupling, 
and when the man in charge of the coupling gave the 
signal that it was free, the whistle on the locomotive 
was sounded as a signal for the application of the 
brake. At the same instant another observer marked 


Fig. 1. Fig. 2. 


the point opposite the window of brake compartment, 
and from this point the distance was measured to the 
point where the carriage was pulled up, and taken as 
the measure of the braking force applied. The re- 
sistance of the four brake coils together was about 1°6 
ohms. Some of the results are given in the table 
below. 


Speed in | Distance 
miles per| travelled 
Distance Time hour of b; EMF. am ° 


travelled | occupied | carriage earrlage 
Test. | for noting in at after in cur- Remarks. 
volts. | rent. 


speed. | seconds.| moment! applica- 
tion of | 
braking. brake. | 


Adderley Park to Stechford. 
1 | }mile | 60 | 30 258 yds.| 32 | 20 | Van & carriage. 
2 


+, | 30 | 30 |20,| » » 
Arrived at Stechford—brake van taken off. 

3/4, | 82 28 76 | 82 | Carriage alone. 
29 31 155 5 20 | Skidded. 

Back to Stechford—starting again towards Adderley Park. 
6/4 » 43 | 42 , | 32 
7 46 40 340 ,, | 12-5 65 | at 
S12 »w 25 36 | 112 ,, 20 10 | 
9/4: | 45 | 40 |200 ,,| 19 | 10 | 


Back to Stechford—van connected again. 


101% w» 45 40 | 330 ,, 30 | 16°5 | Carriage & van, 
11 4 ” 29 31 290 ” ” ” 

» 24 37° | 310 ,, 9 

13/4 , 27 30° | 240 ,, | 31°5 18 


The variation in the electromotive force was obtained 
by altering the number of cells in use, an ordinary 
switch was used for which in practice will be sub- 
stituted a switch with adjustable resistances. The 
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disagreement in some of the results is brought about 
partly by the temporary arrangement of the brakes 
which prevented them always coming on equally well, 
and by the state of the rails, as there was a keen frost 
and about one inch of snow lying at the time. 

The brake is specially intended to be used in con- 
junction with Mr. I. A. Timmis’s well known system of 
lighting trains by electricity, and a very noticable 
feature in its action is the entire absence of the usual 
jarring sensation on application of a brake, Trains 
are now being fitted up with it throughout in Russia and 
elsewhere, and the action is instantaneous throughout 
the train, also if a carriage should become disconnected 
it is automatically brought to rest. 


FORM AND EFFICIENCY OF INCANDESCENT 
FILAMENTS. 


By CHARLES J. REED. 


(Concluded from page 704.) 


FORMS OF CROSS SECTION. 


Of all possible forms of cross section the circular has 
.the largest area for the same radiating surface per 
unit of length, and, consequently, has the advantage of 
greatstrength. The current density will also be less in 
this than any otherform ; and henceany “ disintegrating” 
or “electrolytic effect” of thecurrent, if there is any such, 
will be least in the cylindrical filament. This will be 
made clear by supposing a number of lamps of equal 
candle-power to be burning at the same temperature 
and pressure, but having various forms of filament, 
cylindrical, flat, square, &c. We have already seen 
that these lamps all consume equal amounts of energy, 
and since they have the same pressure, they must take 
the same current. Therefore, the filament which has 
the greatest area of cross-section will have the least 
current density. The fact that the cylindrical fila- 
ment has the greatest cross-section does not signify 
that it will require a greater current to keep it at the 
same temperature. Its form is better adapted for re- 
taining heat than any other. Again, the several lamps 
will have equal resistance ; otherwise they could not 
take equal currents with the same pressure. From this 
it follows that the cylindrical filament will be longer 
and will have less surface and greater mass per unit of 
length than any other. 

A tubular filament would have a greater external 
diameter, but smaller cross-section of material, and 
would be shorter than the cylindrical. 

The advantages and disadvantages of the various 
forms may be summed up as follows :— 

The cylindrical has the advantage of greater strength 
and less current density on account of greater cross- 
section. It has the disadvantage of greater length and 
fragility. 

The tubular filament is strongest in form, being 
shorter and of greater external diameter than the 
cylindrical. It has the disadvantage of greater current 
density than the cylindrical. Both the tubular and the 
cylindrical have the advantage of uniform illumination 
in all directions except in and near the plane of the 
filament. 

Fiat, or angular filaments have the disadvantage of 
great current density, and of being unequally heated, 
since the edges or projecting corners will always be a 
little cooler * than the other parts. 


* It was asserted before this institute, June 8th, 1886, that the 
edges or corners of a square filament are hotter than the re- 
mainder of the surface; but no reason was given. Such a state- 
ment scarcely needs refutation, being contrary, not only to 
established laws, but to the most commonplace and everyday 
experience. We need only observe the cooling of a square bar 
of red-hot iron to convince ourselves that the sharp corners are 
the coolest parts. And they would remain the coolest parts even 
if the heat were continually supplied by an electric current to the 
interior of the bar. 


A short, thick filament has the advantage of being 
stronger and more durable than a long, slender one ; 
but the disadvantage of wasting a greater percentage of 
heat by conduction through the terminal wires. In 
this latter respect it is true that the long filament is 
slightly more efficient than the short. A 10-ampére 
filament a foot long would waste no more energy by 
conduction than a 10-ampére filament an inch long. 

Aside from the difficulty of obtaining lamps of diffe- 
rent types from different makers which have the same 
specific resi-tance and radiating power, there is the 
difficulty, or rather the impossibility, of getting them 
all to burn at the same temperature, and the difficulty 
of knowing, even approximately, what that temperature 
is, and whether it is the same in two lampsor not. For 
these reasons no experimental comparisons yet pub- 
lished are of any value, either in corroborating or re- 
futing these conclusions. There is one method, how- 
ever, of testing the formule. This method the writer 
has tried upon some twenty-five different types with the 
most satisfactory results. The method is as follows : 

A lamp is constructed with a filament of known 
dimensions, treated to the required process, and ex- 
hausted to a certain pressure, as determined by a 
McLeod vacuum gauge. It is then placed on a circuit 
of a certain pressure, which gives it a certain desired 
temperature or efficiency, and the candle-power and 
current are measured. From the data thus obtained 
we calculate by the above equations all the data for 
lamps of other types. The lamps when made accord- 
ing to this data from the same material by the same 
process, and exhausted tothe same pressure should give 
the calculated candle-power at the calculated pressure. 


HEAT LOST IN WIRES. 


It must be remembered that the formule take no 
account of the small amount of heat that escapes by 
conduction through the wires. With lamps of high 
resistance this may safely be ignored in practice, but 
in changing from a long to a very short and thick fila- 
ment, it must be taken into account. 

The following examples may serve to better illustrate 
the method :— 

Let us suppose a lamp has been constructed to give a 
certain candle-power on a circuit of a given pressure, 
and it is desired to construct other lamps having the 
same efficiency (temperature) and life, but of different 
candle-power, for the same or for different pressure. 
We will call this lamp for convenience the zero lamp, 
and denote its particular values of the variables by the 
subscript, 0. 


Let c = ©, = 16 candles. 
¢=c,= ‘6 ampere. 
E = E, = 100 volts. 
R= R= 167 ohms. 
L = L, = 170 millimetres. 
r= r, = ‘07 millimetre. 


DETERMINATION OF CONSTANTS. 


The constants, K, K’, K", S and 8’, will have the same 
value for ‘all values of ©, c, E,R, L and 7, and hence 
will be found by substituting for these quantities the 
simultaneous values, C,, ¢,, E., R,, L, and 7,, respec- 
tively. 

If H is measured in horse-power, we have from (1) 
K = 7}. From (4) 


= L, 
R= 58 

16 07)? 

= Liu = ‘015122, 
from (3) 

ra _ 100 x 

Tol, 140 x x 0010757, 
from (15) 

= 21399. 
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Substituting these values of K, K’, 8S’ and K’ § in 
equations (4) to (25), we are enabled to solve any 
problem involving R, E, C, 7, c, and L, when any two of 
the quantities except c and r are given. The equations 
apply only to lamps of the same material and at the 
same temperature as the zero lamp. By starting with 
alamp of different material, or by burning the same 
lamp at a different temperature, we obtain a different 
set of constants, which substituted in equations (4) to 
(25) adapt them to the changed conditions. 

Suppose we wish to construct a lamp of 20 candle- 
power for a 90 volt circuit : ; 


c = 20. 
E = 90. 
From (21) 
c = 3°7533 = ‘8333 ampere 
from (9) 
3 
r = 098466 Vv (8333)? = 087196 millimetre 
from (11) 


L = 64190 x 90 ~:087196 = 170°59 millimetres 
and from (4) 
170°59 
R = °0048134 (087196) = 108-00 ohms. 


The calculations may be verified by substitution in 


some of the other formule. 


In constructing the lamp we take a filament 170°59 
millimetres long, and of such a radius that, when 
treated to the given process until at the proper ex- 
haustion it takes ‘833 ampére with 90 volts, it will 
have a radius of ‘0872 mm. If the treatment of the 
carbon does not increase its diameter, the initial and 
final radius will be the same; but the radius of the 


_finished carbon is to be (0872 mm. When these con- 


ditions are fulfilled, we know with certainty that the 
lamp has the proper temperature if it gives 20 candles. 
If any single condition is not fulfilled, we know with 
the same certainty that the lamp has not the proper 
temperature. If two or more of the required conditions 
are simultaneously not fulfilled, then we know nothing 
about the resulting temperature. 


LIFE AND EFFICIENCY. 


We are thus enabled to construct lamps of uniform 
life for varying conditions of current and candle- 
power ; end also to regulate the length of life and the 
efficiency, increasing or diminishing either the life or 
the efficiency at pleasure to suit the requirements of 
particular conditions, remembering always that the 
life and efficiency are inverse functions of each other. 

The fact that the life of most commercial lamps is 
very irregular, shows that either the material or the 
temperature is not uniform, and hence, that there is 
lack of uniformity either in the process or in the 
dimensions. The writer has examined a number of 
different makes of lamps, and found that they generally 
vary in length and cross-section enough to produce 
‘serious differences in temperature. 

Suppose, again, we wish to construct a 50-candle 
lamp for a series circuit of 5 amperes : 


c= 90. 
c = 5. 
From (20) 
E = 375 x *% = 375 volts. 
from (9) 
r = 098466 “ (5)? = -28792 millimetre. 
from (11) 
L = 6419 x 37:5 V -28792 = 129-16 millimetres. 
from (4) 
_ 
R = ‘0048134 (28792)3 = 7°5 ohms. 


In this case the loss of heat by conduction through 


the connecting wires is considerable, and must be taken 
into account. 

The above equations are not limited to incandescent 
filaments, but apply equally to any conductor which 
may be kept at a certain fixed temperature by an elec- 
tric current. By using the proper constants, useful 
formule may be derived for calculating conductors, so 
that under given conditions they will be heated toa 
required temperature. 


A METEOROLOGICAL PHENOMENON. 


A RECENT issue of the Gaceta Oficial, of Madrid, 
contains an account of an extraordinary occurrence 
which took place at Pontevedra, a town of the province 
of Galicia, Spain, at about 9:45 p.m. on December 2nd. 
The description of the incident was contributed to the 
Gaceta Oficial by D. Ernesto Caballero, professor of 
physics and manager of the electric lighting manu- 
factory at Pontevedra. 

It seems that at the time above stated the sky being 
clear and calm, a ball or globe of fire, about the size of 
an orange, was seen to fall upon the network of over- 
head electric wires which stretch over the town, and 
selecting as its course the lines which led to the before 
mentioned factory, entered the building by an open 
window in the wall on the north western side. The 
first appearance of the phenomenon inside the factory 
was on the switchboard, from whence, lifting in its 
passage the armature of a magnetic short circuit or 
cut-out, it jumped on toa dynamo in full work. The 
astonishment of the engine driver and workmen in the 
neighbourhood can be imagined on seeing the globe 
jump twice backwards and forwards between the 
dynamo and the switchboard, finally landing on the 
ground where it burst witb a loud, sharp explosion into 
innumerable fragments. No damage was caused and 
the various particles of the globe rapidly extinguishing 
left absolutely no trace of their short existence. 

Thanks to the coolness of the employés in the factory, 
who with admirable promptness took the necessary 
steps to ensure the continuance of the electric light 
throughout the town, only a momentary interruption 
was experienced. 

On close examination the only traces left of the 
mysterious visitor, were in the fused edges of two 
thick copper plates attached to the armature, which was 
raised. Outside the works the meteor was seen by 
several persons and on examining the overhead wires 
on the following day, unmistakable evidence was 
found of the electrical nature or origin of the 
phenomenon, such vestiges of its presence as remained 
being incomprehensible under any other hypothesis. 


THE PROTECTION OF TELEGRAPH AND 
TELEPHONE LINES AGAINST ELECTRIC 
LIGHT WIRES. 


THE Italian Government has recently taken measures 
to protect telegraph and telephone lines against the 
harmful influences of electric light systems and other 
industrial applications of electricity. In connection 
with this subject, the Hlektrotechnische Zeitschrift gives 
the following particulars of the measures taken by the 
Italian Government :— 

The lines used for electric lighting, or for other 
industrial objects, must form a closed metallic circuit, 
and having no earth contact throughout its length. 
It is forbidden to attach them to water or gas 
mains. The conductors of electric light systems 
situated in the neighbourhood of a telegraph or tele- 
phone line must be covered with a substance imper- 
meable to water, and sufficiently ensuring their insula- 
tion. In places where the workmen of the Telegraph 
or Telephone Administration would risk, in the course 
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of their work, coming in contact with electric light 
conductors, the latter must be provided with a special 
insulation, and placed far enough from the telegraph or 
telephone lines, so that a simultaneous contact with the 
wires of each other cannot take place. Immediate 
contacts between electric light wires and those of the 
telegraphs and telephones must be absolutely impossible, 
either in the normal state of the wires, or in the event 
of a breakage of the wires. The lines must be con- 
structed under such conditions of solidity that they 
are capable of resisting all the attacks to which they 
are likely to be exposed. In case of need they must 
be supported throughout their length by cables of 
suitable strength. It is necessary to avoid, as much as 
possible, the running of electric light lines parallel 
with those of the telegraph and telephone. When a 
parallel course is inevitable, the electric light lines 
must be kept at a distance of at least 12 metres from 
the telegraph and telephone systems. At the points of 
intersection, the electric light wires must pass below 
and at right angles to the telegraph or telephone lines. 
The distance between the lowest telegraph or telephone 
conductors and the nearest electric light wire must be at 
least two metres. The posts or supports of the electric 
light conductors must be, at these crossing points, kept at 
a distance of at least three metres from the telegraph or 
telephone lines. In order that the latter shall not, in 
case of breakage, come in contact with the electric light 
lines, a safety wire of sufficient strength must be placed 
immediately over each electric light conductor through- 
out the whole of the crossing. Those establishing or 
working a system of electric lighting must take all the 
precautions of which science and experience have 
proved the utility. They must bring all their care to 
bear on the maintenance of their lines, which must be 
daily subjected to a minute inspection, and be kept 
constantly in a good state of repair. The constructor 
will be responsible for all damages and accidents caused 
by the system of electric lighting. The Government 
reserves to itself the right of altering or replacing the 
dispositions of the ordinance on which it acts, as well 
as of transferring or suppressing the electric light lines 
if the contractor should not immediately execute the 
orders given him by the Administration, and that 
without any claim lying for indemnity. The telephone 
companies may demand the application of the latter 
disposition, as well as that relative to the distance of 
the electric light conductors at the point where they 
cross the telephone lines, simply on condition of sup- 
plying proof that the proximity of the electric light 
lines is hurtful to their telephone lines, which were 
established first. As far as regards the telephone lines 
which may be established afterwards, their owners 
must see themselves that they are placed at a suitable 
distance from the electric light lines. When a con- 
tractor for the electric light wishes to have his lines 
transferred into the proximity of telegraph or telephone 
lines, or to introduce changes into an already existing 
line, he must for that purpose obtain the authority of 
the Telegraph Administration. The contractor will 
have to bear all the expenses resulting from the execu- 
tion of measures of precaution or of transfer of tele- 
graph, telephone, or electric light lines. Tbe Telegraph 
Administration itself may eventually execute these 
works at the contractor’s expense. If the above dis- 
positions be not applicable to certain particular cases, 
the Telegraph Administration reserves to itself the 
right of examining the propositions of those interested, 
and of approving them or rejecting them, as it deems 
most suitable. 


Electricity in Naval Warfare.—The six first-class 
torpedo boats recently built for the Admiralty by 


Messrs. Yarrow & Co. represent the latest type and— 


most improved construction of “sea-going” torpedo 
boat. They are fitted, amongst other things, with elec- 
trical search lights; and for the production of elec- 
tricity there is a dynamo and engine in the galley 
compartment, 


SIR WILLIAM THOMSON’S NEW INSPEC- 
TIONAL ELECTRIC INSTRUMENTS. 


THE Magneto-static Current Meter consists essentially 
of a small steel magnet or system of magnets suspended 
in the centre of a uniform field of force due to two 
coils, each having one or more turns of copper ribbon 
or wire, and also under the directive influence of two 
systems of powerful steel magnets. The suspended 
system of magnets is attached to one end of a vertical 
shaft passing down centrally through an opening in 
the sole plate of the instrument from an indicating 
needle. The two systems of directive magnets are 
circular in form, and each ring is composed of two 
semi-circular magnets placed in a brass cylindrical 
frame with their similar poles together. Each system 
is securely fixed to a circular brass frame, which fits on 
to the cylindrical case of the instrument in such a 
manner that the systems are capable of being turned 
round, together or separately. The instrument has a 
“tangent scale consisting of 100 divisions,” which is 
adjusted in its position before the instrument is sent 
out, so that the needle indicates equal differences of 
readings for equal differences of current. 


é 


METER NO 7 


THe MAGNETO-sTATIC CURRENT METER. 


The instrument has an advantage, important for 
some practical purposes, of being available as an accu- 
rate direct-reading current meter, through a continuous 
range of from one to 100 times its smallest current, 
which may be anything from half a milliampére to 
four ampéres, according to the number of turns in the 
coils supplied with the instrument. It is not, however, 
available as an alternate current instrument, and it 
must be remembered that the magnetism of the steel- 
directing magnet does not remain absolutely constant. 
With good quality of steel, a proper preliminary ageing 
of the magnet (by heating it several times in boiling 
water and cooling it again, and subjecting it to some- 
what varied rough usage) brings it to a condition in 
which its magnetism is found to remain exceedingly 
nearly constant month after month and year after year. 
Still it should never be relied upon as absolutely con- 
stant, and for accurate laboratory work it is therefore 
necessary to have some means of retesting the instru- 
ment at any time. Another advantage which the 
instrument has is that, when a standard instrument 18 
available, its constant is capable of being varied to any 
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desired value down to one-tenth of that which it has 
with its directive magnets in their strongest position. 
Thus if the constant should be three ampéres per divi- 
sion of the scale, with the similar poles of the magnets 
coinciding, it may be adjusted to any value down to 
03 ampére per division. The two grades of this in- 
strument which are found most convenient are :— 
The milliampére-meter, which has an effective range 
of from ‘3 to 300 milliampéres, and is usually adjusted 
to read two milliampéres per division, and the ampére- 
meter, which has an effective range of from ‘3 to 300 
ampéres, and is usually adjusted to read one ampére 
per division. One very convenient use of the latter 
instrument is to act as a lamp counter for indicating 
the number of incandescent lamps in use in an instal- 
lation. For this purpose'it is best to standardise it by 
putting on a known number of lamps and adjusting by 
the magnets until the desired reading is obtained on 
the scale. Of course this numbering of lamps is not 
possible to any great accuracy, because the lamps them- 
selves are not all rigorously equal in the amount of 
current which each takes, but the lamp counter serves 
the important practical purpose of showing at any time 
the number of lamps in use nearly enough for practical 


THE AmMPERE GAUGE. 


purposes. The milliampére-meter, on account of the 
low resistance of its copper coil—about 40 ohms—may 
conveniently be used as a voltmeter. To adapt it for 
this purpose a copper cylinder, wound anti-inductively 
with two platinoid resistances, is supplied. The first 
of these, together with the resistance of the instrument, 
makes up 100 ohms, and the second alone is 900 ohms. 
Thus, taking the constant of the instrument at two 
milliampéres per division, by joining the smaller in 
series with the instrument, the reading on the scale will 
be {th of a volt per division ; with both resistances in 
series with the instrument the reading will be two 
volts per division. 

The Ampére Gauge is of simple construction, having 
a vertical base-plate of paraffined marble, to which are 
attached :—(a) A solenoid of special form ; (J) Brass 
bearing plates supporting a balance which carries a soft 
iron plunger on its one arm and a brass counterpoise 
weight on the other; (c) A brass arc having a scale 
graduated to give direct readings in ampéres; (d) A 
hinged arm which bears alight checker. The solenoid 
is built up of copper plates with mica insulation between 
them, and is fixed to the base plate so that its core is 


vertical. The balance is supported on knife edges at 
such a distance below the solenoid that the top end of 
the plunger is slightly entered into the core. The 
plunger is made from a thin soft iron wire about 20 
centimetres Jong, and is supported by a cross-bar with 
two hooks on it which pass over two knife-edge stirrups 
on the arm of the balance. It has a brass weight hung 
on its lower end in order to keep it in a vertical position 
and prevent its being attracted against the side of the 
solenoid. An indicating needle, or pointer, formed 
from astrip of platinoid, passes down from the trunnion 
of the balance to the brass are bearing the graduated 
scale. As the plunger is attracted upwards this pointer 
passes round the scale and indicates the strength of 
current passing through the solenoid. 

Several types of the Ampére Gauge are made covering 
a range from 0°5 to 500 ampéres, and are available as 
measurers of electric current on either direct or alter- 
nating circuits. They are standardised by direct com- 
parison with Sir William Thomson’s standard electric 
balances, and when the instrument is intended for 
alternating currents the graduation is made to suit the 
period of alternation in use on the circuit for which it 
is desired. 


SUBMARINE BOATS. 


NEWS from Toulon, dated December 20th, confirms 
the reports as to the success of experiments conducted 
by Admiral Duperre with the submarine vessel, 
Gymnote, 

We learn that this boat has navigated under water 
for a distance of three-quarters of a mile, her move- 
ments being completely under control. On December 
19th, she traversed the harbour, under water, in every 
direction, steering clear of the numerous buoys and 
moorings, and passing under several ironclads. A 
structure called the “ periscope ” permits the officer in 
charge to distinguish objects on the surface while the 
boat is being manceuvered at a considerable depth. 

The long delay which has been experienced in 
bringing this vessel into a forward state, was due to 
the difficulty met with in discovering some suitable 
material for the cases of the accumulators. These 
cases were at first constructed of metal, neither glass 
nor pottery being considered sufficiently strong to 
resist vibration and possible shocks, but a composition, 
principally consisting of India-rubber, has been dis- 
covered, which is said to answer all requirements. 

At the same time we read of the experiments which 
are being conducted at Cadiz with the submarine 
vesse], the Perul. The results, however,do not appear 
to have been so successful as those in the case of the 
Gymnote, since the Spanish boat has not yet attempted 
to navigate any distance under water, all that has yet 
been done being simply to submerge her to an incon- 
siderable depth, and to manceuvre her with the hull 
under water but having the conning tower above the 
surface. The reason that experiments as to her 
capabilities of progression when completely submerged 
have not yet been undertaken, is stated to be the with- 
holding of permission to that effect by the authorities 
in Madrid. 


SUBWAYS. 


THE annoyance and inconvenience caused by the 
digging up of the roadways and pavements for the 
purpose of gas and water repairs have often been a cause 
of complaint, and if there has been just reason for 
this in times past, there will be much more in the 
future. We have beneath the soil not only gas and 
water pipes, but telegraph wires, pneumatic tubes, elec- 
tric light wires, and hydraulic power mains ; steam 
supply pipes have not yet been laid down, and probably 
the difficulties of want of space would render such an 
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idea almost impracticable, if it were entertained at all. 
The only real cure for.the evils inherent in the present 
crude system of placing pipes out of the way is the con- 
struction of subways—along the main thoroughfares, at 
least. The expense, no doubt, of such a scheme, if ex- 
tensively carried out, would be enormous ; but the value 
of the arrangement would be undoubted, and the com- 
panies who now have to spend much money in digging up 
and making good the roadways, would, we should 
imagine, be quite ready to pay a rental for the con- 
venience afforded them. Probably, again, the existence 
of spacious subways would stimulate new forms of in- 
dustry in which the transmission of power in some form 
or other is employed. Although, no doubt, the County 
Council would be the proper authority to undertake the 
construction of subways, there seems no reason why the 
work should not be delegated to a company who could 
charge a rental for the space afforded, though !it would 
of course be a question whether a sufficient return for 
the capital expended could be secured.”.:Supposing 
a company did undertake the work;:the ratepayers 
would probably not be disinclined to bear a certain 
portion of the expense in consideration of the abolition 
of the continual disturbance of the streets which 
now takes place, and which would, if the subways were 
constructed, become a thing of the past. Should the 
projected electric railway to the West of London 
be ever carried out it might be worth considering 
whether the construction of a subway might not 
form part of the scheme, for it must be obvious that 
the saving of cost of construction in such a case 
would be very considerable. Muchtihas ‘been said in 
the press with reference to the danger caused by the 
accumulation of gas in subways through which electric 
light wires pass, but it seems difficult to believe that 
this danger could not be effectually guarded against by 
a system of good ventilation, about the carrying out of 
which there ought not to be the least difficulty. 


NOTES. 


The Board of Trade and Electric Lighting.—-The Board 
of Trade has found it necessary to augment the accom- 
modation of the Electric Lighting Department, which 
will accordingly be shortly transferred to more com- 
modious premises, No. 8, Richmond Terrace, formerly 
occupied by the Royal Commissioners. The Labour 
Bureau of the Board will occupy the vacated offices in 
Bridge Street. 


Huddersfield Electric Lighting. The Hudders- 
field Town Council has resolved to apply for a provi- 
sional order authorising the erection and maintenance 
of electric lines and works for the supply of electricity 
within the borough. 


The Electric Lighting of Windsor Castle.—The 
electric lighting of the grand corridor is said to be so 
highly successful that probably it will be soon ex- 
tended to the dining room and the three drawing 
rooms. 


Electric Lighting at Leeds,—The Parliamentary 
Committee of the Leeds Corporation is to confer with 
the Electric Lighting Committee with reference to the 
action of the Corporation on the application of three 
companies, viz., that of the Yorkshire House-to-House 
Electricity Company, Limited ; the National Electric 
Supply Company Limited ; the Electric Installation 
and Maintenance Company Limited, for provisional 
orders authorising them to supply electricity within 
the borough. 


Electric Lighting at"Barnsley.—The Barnsley Co- 
operative Society has decided to adopt the electric light 
at its stores. The installation will consist of 19 lamps 


of 100 candle-power, 65 lamps of 50, four of 32 each, 
and 142 of 16, making a total of 7,482 candle-power. 


Electric Lighting Troubles in New York.— The 
correspondent of the Daily News wired on Sunday 
night :—“ Most of the electric lighting wires upon 
poles have been cut down by the authorities, and the 
operation will be continued till all those considered 
dangerous have been removed. Several electric light- 
ing companies have practically gone out of business, 
gas being substituted as rapidly as possible for street 
lighting, but only temporarily. The electric lights are 
certain to be restored at an early day, but in a safe 
form. 


The Lighting of Parliament,—The City of West- 
minster Electrical Syndicate, Limited, is lighting the 
Houses of Parliament, not the Westminster Electric 
Supply Corporation, as is generally supposed. 


The Electric Lighting of Huve.——The Hove Com- 
missioners are about to memorialise the Local Govern- 
ment Board for a provisional order for electric light. 


Electric Lighting Accident in Madrid.—On Monday 
night the audience at the Madrid Opera House had to 
quit hurriedly, an accident to the electric light 
machinery rendering further performance impossible. 
It was said that two persons had been injured behind 
the stage. 


Danger Ahead.—The Standard of Christmas Day 
devoted a column and half to a dissertation on the 
dangers of electric wires. There is nothing to he 
learned from it; but it is significant that the daily 
Press of this country is becoming alarmed, and not 
without reason. 


Christmas Greeting.—We have received a Christmas 
card from the New York staff of the Commercial Cable 
Company, which is one of the most tasteful things of 
the kind we have seen. Their good wishes are heartily 
reciprocated. 


Removal,—Mr. A. P. Lundberg has removed to larger 
business premises at Bradbury Street, Kingsland, near 
Dalston Junction, N.L.R. 


Electric Lighting of Florence.—The municipality of 
the City of Florence is inviting tenders for a concession 
for the production and transmission of the electric 
current, both for purposes of illumination and im- 
pelling power for the use of the public. 


The Telephone as a Fire Alarm.—T'he Postmaster- 
General has decided that the telephone may be used for 
transmitting alarms of fire or rioting. The question 
arose on a decision of the Leicester postal authorities 
that, as the fire did not originate on the premises of the 
renter of the telephone, he was not entitled to use the 
instrument for the purpose of informing the fire 
brigade, its use being restricted “to his own business 
and private affairs.” The question is one of grave 
importance to the commercial public. 


Copper Mining in Ireland,—A company is being 
formed for the working of a copper mine between 
Dunmanus Bay and Crookhaven, co. Cork. The South 
of Ireland is said to be rich in mineral wealth, requir- 
ing only capital and enterprise to develop it. 


Electricity in Liverpool.—The Liverpool Electric 
Supply Company will open its extensive new pre- 
mises in Tithe Barn Street early in January. The new 
premises will consist of a supply station, construction 
works, a board room, and a handsome suite of offices. 


The Institute of Patent Agents,—The first qualifying 
examination for certificates entitling to admission to 
the Register of Patent Agents, established under the 
Act of 1888, was held November 18th to 23rd, by the 
Institute of Patent Agents, under the regulations passed 
by the Institute and approved by the Board of 
Trade, in accordance with the Register of Patent Agents 
Rules, 1859. The successful candidates were :—Mr. 
Thomas Henry Barron, of Huddersfield, and Mr. George 
Beloe Ellis, of London. 
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The Telephone in Court.—On Friday Mr. Justice 
Chitty made an order committing one Robert Norton to 
prison for disobeying a judgment restraining him from 
infringing telephone patents vested in the United Tele- 
phone Company. It was proved that he had supplied 
receivers identical with Bell’s. 


Logical.—In the Patent Journal, just issued, we find 
the conclusion of a report in a patent case, and we 
quote the following remark of a learned judge, which, 
for lucidity and correctness, might have been mistaken 
foran extract from “ Proverbial Philosophy ” :—“ If it 
prejudices you, you will be prejudiced. If it does not, 
you will not be.” 


New Address,—O wing to increasing business Mr. Harry 
South has found it necessary to remove from 10, John 
Street, Adelphi, to more spacious premises at 10 and 
12, Garrick Street, Covent Garden, where he is also 
establishing show-rooms for all kinds of electric light- 
ing material. 


Transformer Patents. — The Westinghouse Elec- 
tie Company has, according to notices in the 
American technical press, fared no better than a 
great number of the old electric lighting companies 
in this country. The sum of $900,000 is said 
to have been paid for the purchase of the Gaulard 
and Gibbs series transformer system ; a system which 
has never been tried by the Westinghouse Company, 
and is not likely to be, since all its installations have 
been erected on the multiple system. 


The Construction of Motors.—In order to obtain 
the maximum effective work out of a given weight 
of copper and iron in an alternating current motor, 
or any direct current motor, Mr. Nikola Tesla 
reasons that in any motor the total energy sup- 
plied to do the work is equal to the sum of the energies 
expended in the armature and the field. The power 
developed, however, is proportionate to the product of 
these quantities. This product will be greatest when 
these quantities are equal; hence in constructing a 
motor Mr. Tesla determines the mass of the armature 
and field cores and the windings of both, and adapts 
the two so as to equalise as nearly as possible the mag- 
netic quantities of both. In motors which have closed 
armature coils, this is only approximately possible, as 
the energy manifested in the armature is the result of 
inductive action from the other element ; but in motors 
in which the coils of both armature and field are con- 
nected with the external circuit the result can be much 
more perfectly obtained. In further explanation of 
this, says the New York Electrical World, let it be 
assumed that the energy as represented in the mag- 
netism in the field of a given motor is 90 and that of 
the armature 10. The sum of these quantities, which 
represents the total energy expended in driving the 
motor, is 100; but, assuming that the motor be so con- 
structed that the energy in the field is represented by 
30 and that in the armature by 50, the sum is still 100 ; 
but while in the first instance the product is 900, in the 
second it is 2,500, and as the energy developed is in 
proportion to these products it is clear that in any 
motor the best conditions are obtained when at normal 
load the magnetic quantities in field and armature are 
equal. These results Mr. Tesla obtains by using the 
same amount of copper or ampére turns in both ele- 
ments when the cores of both are equal and the same 
current energises both ; or in cases where the currents 
none element are induced to those of the other, he 
uses in the induced coils a proper amount of copper. 
What do Profs. Ayrton and Perry say to this, for is 
hot their theory that the field shall be a strong magnet 
while the armature is relatively weak ? 


City Fires,—Mr. Ferranti’s premises in Charterhouse 
Square were damaged on Christmas Day by the great 
fire which occurred in the same block of buildings in 
which he carries on his business. 


Obituary.—We regret to announce the death of Mr. 
W. Stroudley, late locomotive engineer of the London, 
Brighton and South Coast Railway. Mr. Stroudley 
will be best known to the readers of the REVIEW as 
joint inventor with Mr. Houghton of a system of rail- 
way carriage lighting by electricity. The deceased 
gentlemen was interred in Preston Churchyard, 
Brighton, on Tuesday last. 


Earthing Devices.—Mr. Bernard Drake had a lengthy 
letter in yesterday’s Standard. After reviewing the 
dangers attached to the use of the converter system, he 
winds up by telling us that we can employ high- 
tension currents with an easy conscicnce, so long as 
we include Major Cardew’s “ earthing device ” in the 
system. We trust that Mr. Drake is correct, but we 
have yet to learn the practical value of this invention. 
Anyhow, he has chosen an opportune moment to 
trumpet forth a warning note. 


The Bradford Electric Supply. — The Bradford 
Museum is now electrically lighted, and for it is 
claimed the honour of its being the first public building 
supplied by a Corporation which also supplies the public 
requirements. These, it may be mentioned, are at 
present greater than the station can adequately supply. 


Presentation. — The employés of the Electrical 
Construction Company (late Elwell-Parker, Limited), 
have presented Mr. Thomas Parker with a framed and 
illuminated address, together with a beautiful silver 
tea service. It is pleasing, in these days of open 
rupture between master and man, to see such harmony 
prevailing as exists in the Wolverhampton firm, and in 
thus honouring Mr. Parker the men do honour to their 
own intelligence and appreciation of his efforts to pro- 
mote the electrical industry and their interests, while, 
at the same time, advancing his own. 


Correction.—Mr. R. D. Smillie wishes us to state that 
the contract for lighting the “ Moss line” steamers, 
which we mentioned in our last, was secured by 
Messrs. J. H. Holmes and Co., of Newcastle, whose firm 
is represented in Scotland by our correspondent. 


National Telephone Electrical Society.—Mr. Loftus, 
the construction inspector of the National Telephone 
Company, read a paper before this society on Friday 
evening, the 20th inst., on “The Construction and 
Maintenance of Telephone Lines.” 

L’Electricien for 1890,—Our contemporary, L’Hlec- 
tricien, will commence the tenth year of its-existence 
with an extension of its pages, which will admit of its 
including original contributions of considerable length 
without undergoing the curtailment which has hitherto 
been necessary, and has somewhat detracted from their 
value. It will now be possible to publish an entire 
article of 16 to 20 pages in a single issue. The price 
remains as before. 

* Electrical Industries.”"—This is the title of yet 
another technical journal devoted to electrical interests. 
It hails from Chicago, is to appear monthly, and, so far 
as we can judge from the first number, it will be able 
to hold its own against its older and established rivals. 
A novel feature of its contents is a directory of manu- 
facturers and dealers, another of electric light stations 
and electric railways in North America, and a third of 
electrical associations. 

Mill Fires.—Another instance occurred last week of 
the burning of a mill through a gas fault ; this occurred 
at the Albion Spinning Company’s mill, Atherton. 
The fire commenced in the attic, and its supposed cause 
was the falling of a gas jet on one of the mules, setting 
fire to the cotton. In two hours the main building was 
destroyed.’ Damage to the extent of several thousand 
pounds was done. The property was insured in five 
offices, and the company were in treaty with a firm for 
the supply of automatic sprinklers. 
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Explosionsin Subways,—The following telegram from 
New York appeared 1n the Standard of Tuesday evening, 
dated Sunday night :—* Explosions in the subways de- 
signed tocarry the electric wires underground are becom- 
ing alarmingly numerous. The cause is supposed to be 
the filtering in of gas from leaky mains, which is ex- 
ploded by a casual spark coming sometimes from elec- 
tricity. Last night, without the least warning, a con- 
siderable length of pavement, amvunting to several tons 
weight, rose many feet in the air, amid a geyser of 
flame. Many pedestrians had their clothes and their 
— injured by the subsequent fall of the débris. 

xperts having testified that no insulation can perma- 
nently and infallibly confine electricity under a high 
tension, the gas interests are elated, and the public 
bewildered between a dislike of gloomy nights and a 
fear of a sudden and mysterious death.” 


Co-operative Telephones,—A meeting for the purpose 
of receiving the report of the committee appointed to 
consider the desirability of establishing a mutual eco- 
nomic system of telephones in Manchester and else- 
where was held in the Memorial Hall, Manchester, on 
Monday afternoon last, Mr. A. D. Provand, M.P., in the 
chair. The report of the committee was read. It dealt 
with the probable outlay and receipts of the proposed 
company, and recommended the formation of a com- 
pany with limited liability. The proposed capital was 
£100,000, in shares of £10 each ; £20,000 will be a 
sufficient first outlay for Manchester. The headquarters 
of the company are proposed to be in London, with local 
committees in Manchester and other places. Six per 
cent. is fixed as the dividend tu be paid on the paid-up 
capital. A resolution approving the establishment of 
the company was carried unanimously, and a com- 
mittee appointed to carry it out. 


The Telephone at Fires,—The value of the telephone 
as a fire alarm has been recently illustrated at Forest 
Hil). By its means an outbreak of fire which 
threatened the premises of a local firm was suppressed 
without much difficulty. The telephone had only been 
fixed the day before. 


Electrical Supplies Wanted, — The Great Indian 
Peninsula Railway Company requires a supply of tele- 
graph stay rods and battery terminals. Specifications 
and forms of tender can be obtained at the company’s 
offices 3, New Broad Street, E.C. 


Afghanistan Telegraphs,—The A meer of Afghanistan 
is stated to be making preparations for an extensive 
system of telegraphic inter-communication. 

Fire ina Meter Room.—A slight outbreak of fire oc- 
curred on Wednesday evening, the 18th, in acellar belong- 
ing to the Liverpool and London and Globe Insurance 
Company, Dale Street, Liverpool. The cellar is used as 
a meter room for the electric light, and it appears that 
the fire was caused by an excess of current in the main 
lead fusing the “cut-out,” which was enclosed in a 
wooden box with a glass frame. The melted metal 
falling upon the wood, set it on fire. The damage, 
which was confined to the electrical fittings, amounts 
only to a few pounds. 


The Telephone in Italy,—A Bill is about to be laid 
before the Italian Chamber of Deputies for making 
telephonic communication a monopoly of the State. 


Electricity and Aluminium,—Says Invention :— 
“The cheapening of aluminium has led to the proposi- 
tion to construct arc lamps of this material, as prefer- 
able on account of its lightness and qualities of resist- 
ing rust, in comparison with iron, steel, or brass for 
outdoor use.” 


Ship Lighting.—The Red Star new Atlantic liner 
Waesland has been fitted with a complete installation 
of electric light by Messrs. J. H. Holmes & Co., of 
Newcastle, London and Glasgow. 


Telephone Extension.—Direct telephone commp. 
nication has been. established between Sheffield ang 
Manchester, and will very shortly be opened betwee, 
Mansfield and Sheffield. Hitherto Sheffield has bee, 
connected to Manchester and Lancashire towns jj 
Bradford and Todmorden. 


Edinburgh Exhibition, 1890.—The replies which 
have been received up to the present from the member 
of the Electrical Trades Section of the London Chamber 
of Commerce relative to the terms which the com. 
mittee has negotiated with the Edinburgh Exhibitioy 
authorities, indicate that they are favourable to the 
acceptance of Mr. Lee Bapty’s proposals. It is there. 
fore suggested that members who intend to exhibit 
should send in their entry forms direct to the Exhibj. 
tion authorities, with the proviso that they do so on 
the terms of Mr. Lee Bapty’s letter to the Electrical 
Section. The question of appointing technical attep. 
dants at the Exhibition on behalf of the section, the 
choice of judges and tests, will be dealt with by the 
committee of the section in due course, but intending 
exhibitors are reminded that applications for space 
should be made by the 31st instant. 


The Manchester Jubilee Exhibition.—The closing 
meetings of the Executive Committee and Council of 
Guarantors of the Royal Jubilee Exhibition, Man. 
chester, 1487, were held at Manchester last week. The 
statement of accounts submitted to the Executive Com- 
mittee showed a balance in the bank on the 18th inst, 
of £42,157, and other assets remaining in the com- 
mittee’s possession represented at cost price £1,560 
—together, £43,707. The committee recommended that 
the funds, property and effects of the Royal Jubilee 
Exhibition should be conveyed and paid over to the 
Whitworth Institute, subject to the following condi- 
tions : £10,000 be be appropriated to the Manchester 
School of Art, £20,000 to the purchase of fine and 
decorative art for the galleries or museum to be erected 
in Whitwork Park, Manchester, and the remain- 
ing balance to be devoted to the equipment and 
building of a new technical school, all as part of 
the Whitworth Institute. The recommendations of the 
committee was approved, and with a parting vote 
of thanks to the energetic Chairman, Sir Joseph Lee, 
the affairs of the Royal Jubilee Exhibition closed. The 
final results of this exceedingly successful exhibition 
are most gratifying. 


NEW COMPANIES REGISTERED. 


Wrexham and District Electric Light Supply Con- 
pany, Limited.—£20,000, in £5 shares. Objects: to 
form centres in Wrexham, and within the surrounding 
Hundred of Bromfield, County of Denbigh, or else 
where within the United Kingdom, at which electric 
power may be generated or accumulated, aud from 
which the same may be distributed for public and 
private lighting, or for giving motive power or heat. 
Signatories :—H. Venables Palin, Mayor of Wrexham, 
5 shares; F. W. Soames, 10 shares; Wm. Lester, 
5 shares: R. H. Done, 5 shares; J. Meredith Jones, ll 
shares; J. Beirne, 10 shares—all of Wrexham; 
T. Vaughan Hughes (electrical engineer), Greenfield, 
Holywell, 5 shares. Registered 19th inst., without 
special articles of association, by Abbott Jenkins and 
Co., 8, New Inn, Strand, agents for Lewis and Sov, 
Wrexham. 


West London Tramway Company, Limited.—Capital 
£2,000 in £10 shares. Objects : to construct and sj 
down tramways in the County of Middlesex and to 
equip and work with electricity, locomotive |® 
stationary engines, cable, wire rope, or any mechanic 
or animal power. Signatories (with 1 share each), 
S. E. Buttenshaw, St. Albans; E. L, Pellatt, 
Alexandra Road, N. ; William Gunn, 10, Station Rosé, 
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Harlesden ; E. J.Harries, 1, Rochester Terrace, Camden 
Road ; W. H. Glover, 6, Well Walk, Hampstead ; F. G. 
Barrett, Palmer’s Green, N.; W. Bell, 97, Richmond 
Road, Dalston. Registered 21st inst. by E. M. Chubb, 
11, Pancras Lane. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


Kingston-upon-Hull Electric Lighting and Supply 
Company, Limited.—The statutory return of this com- 
pany, made up to the 9th ult., was filed on the 19th 
ult. The nominal capital is £1,000 in £1 shares, but 
the only shares at present taken up are the seven sub- 
scribed for by the signatories to the memorandum of 
association, and upon these no call has been made. 
Registered office, 19, Parliament Street, Hull. 


Dutton and Company, Limited (railway signal engi- 
neers and electricians).—The statutory return of this 
company, made up to the 8th ult., was filed on the 12th 
ut. The nominal capital is £60,000, divided into 
5,500 ordinary shares, and 500 £6 per cent. preference 
shares of £10 each. The shares taken up are 2,910 
ordinary and 231 preference. Upon 2,400 ordinary 
shares the full amount is considered paid up. Upon 
500 shares the full amount has been called, and upon 
241 shares (including 50 fully paid) the sum of £5 per 
share has been called. The calls paid amount to £6,440, 
and unpaid to £30. 


Leicester Electric Light and Power Company, 
Limited.—The statutory return of this company, made 
up to the 8th November, was filed on the 12th ult. 
The nominal capital is £1,000 in £1 shares. The only 
shares at present taken up are the seven subscribed for 
by the signatories to the memorandum of association, 
and upon these no call has been made. Registered 
office, 20, Friar Lane, Leicester. 


CITY NOTES, REPORTS, MEETINGS, &c. 


The Metropolitan Electric Supply Company. 


Tue second ordinary general meeting was held at Winchester 
a Broad Street, on Friday, the 20th, Sir John Pender in the 
chair. 

The Secretary read the motion convening the meeting. 

The Chairman said, before asking the meeting to approve the 
report, it was desirable they should have the very fullest infor ma- 
tion, not only with regard to the past year, but also as regards 
their future prospects. The report could scarcely be more 
complete than it was, but he proposed to some extent to give 
them still further information, so that they could judge of 
the foundation upon which they had made their investments. 
They would have noticed from the report that the whole of the 
financial year which ended on the 30th of September had been 
taken up in obtaining Parliamentary sanction for their schemes, 
and in the erection of central stations for the supply of 
electricity within the districts which had been allotted to them by 
the legislature. They must, however, look upon that period as 
one wherein the foundation of all their future success 

been firmly laid, and he thought they would 

share with him the conviction that that success was 
assured when they considered the large and important orders 
they had been called upon to supply, and the enormous demand 
for lights on every side. As showing the importance of their area, 
he might state that, putting aside the large number of non-resi- 
dents who were employed in those districts during business hours, 
there was a resident population of between two and three hundred 
thousand. He had also been informed that the gas consumed in 
it area represented an income of £337,500 per annum, and 
granting that they took from the gas companies a small portion of 
the lighting, they would see they had every reason to anticipate 
alargeincome. From what had been stated they might look upon 
the last year as preparatory. It was nevertheless satisfactory to 
slate that during the short period of that year they had earned 
the sum of £6,127. That amount had chiefly been obtained from 
the supply of light at Whitehall station. They had thought it 
more prudent to apply that sum towards the reduction of the 
general expenditure of the year, so that they might be able to 
t the present financial year with a comparatively clean sheet. 
tically the entire expenditure of the past year had been 
tal expended, and he wished therefore to feel the full benefit 


of the now productive power of those stations which were 
completed. Full reference was made in the report to their 
| history. They would have read that the 
Board of Trade, actin con the powers conferred upon 
them by Parliament, decided to hold an enquiry into the 
various provisional orders and licenses applied for by the 
Metropolitan Electric Supply and other companies. The inquiry, 
conducted by Major Marindin, lasted through the month of April. 
In all respects it formed a most important epoch in the history of 
electric lighting enterprise. A vast amount of evidence had been 
given by all parties concerned, and the different systems proposed 
for adoption had been exhaustively discussed. in the evidence 
given by him, the speaker, he had stated that he should not 
consider their company a great success until they had quad- 
rupled their present capital. He was still of that opinion. He 
had told them that the total amount of capital embarked in 
the supply of electricity to London amounted to 3 millions, 
whereas the capital of the Metropolitan Gas Companies amounted 
to upwards of 13} millions, m= y he did not think he could be 
accused of exaggeration. The result of the Board of Trade 
inquiry had been to recommend Parliament to grant the Metropoli- 
tan Electric Supply Company rights in the areas mentioned in the 
report, and coloured red in the map attached to the report. Those 
areas practically included the whole of the theatres, and many of 
the most important restaurants and public halls and buildings, 
especially in Oxford Street, Holborn and the Strand. The offices 
in Chancery Lane, Lincoln’s Inn and elsewhere, and the valuable 
residential district of Bloomsbury, were among the best parts of 
London, and would give them ample scope for their work. More- 
over, it was satisfactory to note that, to avoid the public in- 
convenience of practically breaking up streets, the Board of 
Trade had laid down the principle of recommending for admission 
two companies using different systems into one area. If that 
principle was adhered to, future competition would be limited in 
extent to, he thought, the advantage of themselves and of the 
public. At present they had only competition in a very small 
degree in St. Martin’s district, which did not, of course, 
affect them in any way. There were, however, two or three small 
companies who were supplying a certain amount of light in 
portions of the area of the Metropolitan Electric Supply. He 
had remonstrated with the authorities as to the fairness of such 
competition, and he hoped to be able to obtain the protection 
which was due to them, as the authorised undertakers, from those 
who had practically no right to supply those districts. The fact 
was that very few bills were perfect at first, and the flaws they 
had found in theirs the Board of Trade would not hesitate to alter. 
They would, he was sure, understand that during the proceedings 
before the Board of Trade, and until the recommendations had 
been confirmed, they had not felt justified, even had time per- 
mitted, in their completing their system. They had, however, 
not lost much time. Next they made arrangements for their in- 
stallations, and, so far, they had saved a very considerable 
amount of time. As an instance of the uncertainty of their 
position during that period, he might mention the Eccleston 
Place property, to which reference had been made in the re- 
port, was purchased in February last, before the enquiry com- 
menced, for the purpose of supplying light in St. George’s, 
Hanover Square and St. James’s. Owing to the decision 
of the Board of Trade, they had not been able to utilise that 
site; but he might state that they were in treaty for its dis- 
posal, and hoped to effect a remunerative re-sale. The Royal 
assent had been given to their Acts on the 2nd September last, and 
less than a month before the period under review. Since that 
time they had authority to lay down mains and complete their 
system, and they had lost no time in making use of their privi- 
leges. They had had only a couple of months to work in, and all 
their difficulties lay in the view which the Board of Trade had 
taken, viz., that it was desirable to hold an enquiry into the 
systems of certain companies who could show they had capital. 
He might say they were one of the leading companies, and they 
would see from the map the area they had now to work upon. 
Regarding their present position and prospects, in the first 
place, he would like to speak about the stations which had 
been erected and were being worked. First there was Whitehall 
station. He had stated on a former occasion that they had been 
making arrangements to light some large hotels in the neighbour- 
hood of that station. One of them, the Hotel Victoria, they had 
been lighting ever since. Regarding the others, the “Grand” 
and the Metropole, the lighting of which they then considered 
they had practically arranged for, they had been offered a 
bargain which they had not felt justified in accepting. 
Their reason had been simply that it represented a small portion 
of their area, and one of the smallest installations they had, and 
if they had accepted the price at that particular time it would 
have compromised their other stations which were to be estab- 
lished. They had therefore declined the offer of those hotels, but 
he believed that the installations established in those hotels 
would eventually be disposed of and the light taken from the 
larger installations. In the Whitehall Station, besides the Hotel 
Victoria, they had other hotels which they had been lighting for 


‘some time past, and also a number of shops and places like St. 


Martin’s Church, Vestry Hall, the Garrick Theatre, and the huge 
biock of buildings known as Whitehall Hall. When those places 
were fully lighted, and they were now fast approaching com- 
pletion, they would absorb the whole of the surplus light of the 
station. ‘The installation for the station at Sardinia Street, 
Lincoln’s-Inn-Fields, was furnished and erected by the Westing- 
house Electric Company, and the shareholders would be pleased 
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to hear that the machinery had fulfilled all requirements, and had 
been working most satisfactorily ; and there had been no hitch 
or failure in the supply of light to that or any other of the build- 
ings they had supplied. They had taken on a total of 7,000 lights 
since the date of the opening, and he thought they would agree 
with him that that was not bad work for 13 weeks, considering 
that the cables had all to be run underground. Among the 
buildings they were now supplying from that station were the 
Gaiety Theatre, Holborn Restaurant, the Royal College of 
Surgeons, Exeter Hall, and many offices.. In addition to this, 
they were under contract to supply a further 5,000 lights by the 
end of the year to Drury Lane Theatre, the Government 
Record Office, Hansard’s Publishing Union, Messrs. W. H. Smith’s 
offices, Terry’s Theatre, and various hotels, offices and private 
residences. When all these lights had been taken it might 
be considered that the output of the station was full 
occupied. They had, therefore, determined to increase the 
capacity of the station by considerably more than double, which 
could be done without further extension of buildings, which 
were arranged for a 50,000-light installation, and as they held 
contracts for at least 6,000 lights, he had no hesitation in 
saying that this second installation would be fully taken up 
before its completion. He would now refer to the Rathbone 
Place station. The board determined in February last to purchase 
a small station on this site as a going concern, but as the existing 
aca was small, and the demand for light in the district very 
rge, they accepted a tender of Messrs. Elwell Parker, now the 
Electric Construction Corporation, for the erection of a powerful 
alternate-current plant. The first portion of that plant had now 
commenced running, and its light-giving capacity was fully 
taken up. As soon as the plant was all at work—and they hoped 
this would be early in March—they had in their possession con- 
tracts which would charge it to its full capacity, so that here 
again they would be earning a maximum revenue as soon as the 
station could be got torun. With regard to South Mews station, 
which was to supply the western division of Marylebone, they had 
acquired a fine site behind Manchester Square, the buildings on 
which were now nearly comrleted, and were practically ready to 
receive the machinery. ‘The Electric Construction Corporation 
were supplying the plant for that station, and they were assured 
that it would be completed in April next. He was happy to state 
that there again they looked forward to the best results, as no less 
than 50 per cent. of the gross output had already been applied for. 
As regarded the Waterloo Wharf, they had accepted a tender 
from Messrs. Johnson and Phillips to erect an alternative-current 
station on their site at Waterloo Wharf. Owing to negotiations 
with the London County Council they had not yet commenced to 
erect buildings, but the machinery was in a forward state. They 
were also about to erect a station in the Strand district, and, if 
they obtained the necessary powers, they would erect stations to 
supply Paddington and the western portion of the City area. 
They were also considering the advisability of erecting a separate 
station to supply Bloomsbury and Holborn, in view of the fact 
that the Sardinia Street station would prove inadequate for the 
requirements of these districts. It must be remembered that the 
erection of these stations involved also the laying down of the 
necessary mains, and that this was by no means the least arduous 
part of their undertaking. They had already laid four miles of 
underground mains from Sardinia Street, with very successful 
results, and they would have eventually a complete network of 
underground mains traversing the whole of their districts. As, 
however, a considerable time must elapse before this work could 
be satisfactorily completed, and as it was impossible now to run any 
new overhead mains, the directors had succeeded in coming to an 
arrangement with the London Electric Supply Corporation, 
whereby that company had agreed on reasonable terms to 
hand over their existing overhead cables in the districts 
allotted to this company, but previously supplied by them, 
thus immediately enabling them to obtain a large revenue. 
They would probably wish to know something about their present 
and future revenue. Their manager, Mr. Claremont, had reported 
that they were at present supplying about 15,000 lights from 
Whitehall, Sardinia Street, and Rathbone Place, and that he esti- 
mated that that would produce a revenue of about £20,000 a year. 
He also stated that it would be almost immediately increased to 
about 30,000 lights with an estimated revenue of over £30,000 a 
year. When the second installation at Sardinia Street was fur- 
nished, the Rathbone Place station fully equipped, and the Man- 
chester Square station opened, they would be in a position to 
supply from those four stations, allowing for a reserve of spare 
power 73,980 lights, with an estimated revenue of £89,250. As to 
the figures he had quoted, they must be taken as approximate, 
because they were dealing with a new business, and it was ex- 
tremely difficult to get absolutely reliable estimates, but he thought 
he could safely say that when their present capital of £500,000 
was fully employed they would be supplying ‘not a than 100,000 
lights,‘and that their revenue would be at least £100,000 per 
annum. He believed that by the spring they would have not 
only the whole of the capital engaged, but the whole of the 
installations he had indicated at work, and producing very satis- 
factory results. In the autumn Mr. Edison paid him a visit and 
went over the whole of the company’s installations, and his obser- 
vation was that the board were applying the science of electricity 
in a thoroughly practical way, and that they were doing that 
which could not fail to be a success. Mr. Edison had said that of 
all the cities in the world that he knew of there was no city so 
well suited for electric lighting as London, where they had large 
areas of great and comparatively rich populations, and at the 


same time the worst weather that was to be found in the world, 
and that electricity would become positively a necessity in London 
more than in any other city. He had received a telegram that 
morning from Mr. Edison, in which he said that 60 electric lighting 
companies in America were paying from 6 to 20 percent. They 
were now, the chairman said, entering upon a new departure with 
a considerable amount of energy, and he considered it would bea 
grave reflection upon the directors and upon the scientific and 
practical men in London, if they could not do their work as well as 
it was done in other countries. He had the strongest possible 
belief that they were entering upon a successful career, and that 
their property, as a lighting property, would develop in as great 
a degree as gas had done. Therefore, with all confidence, he 
said that they had a great thing in hand. If people told them 
that this was a flash in the pan they must not believe 
it. He advised them to stick to their shares, and in the 
meantime they would find that they had a wonderfully good 
and promising investment. Some of his friends had told him that 
they had been advised that the thing could not go on, and that 
there was no dividend this year. It was impossible to create and 
erect installations of that kind, and have them all running and 
earning dividends, before the works were thoroughly established. 
They must have time to establish works, and their works were now 
in such a position that they would very shortly be producing very 
largely. At the same time, he had shown them that they could 
not even now produce enough for the demand. He had received 
a telegram that morning from Berlin—a city which was very well 
and satisfactorily lighted—which stated that the company in 
Berlin was paying 9 per cent. per annum, and that they expected 
a very large increase upon that, as they were now getting their 
stations into full occupation. Electricity had become a great power 
and great benefactor, and they would find from Lord Salisbury’s 
speech the other day that it was probably the greatest factor in 
human progress in his time. When the board took up this ques- 
tion of lighting they did so from a conviction that the time had 
come to do it. A great deal of money had been spent in specula- 
tive purposes, and a great deal of excitement was caused. That 
had passed away, and in its place they had solid work. They were 
now getting real value for their money. Afterreadinga telegram 
he had received that morning from Sir George Elliot, expressing 
his regret for his absence, and his belief in the prospects and 
solidity of the company, the Chairman said he held the strongest 
opinion that they were on the right road, and they were deter- 
mined to pursue it with energy, and he hoped that when he had 
the pleasure of meeting them again they would bear in mind the 
remarks he had made that day. It would take some time to com- 
plete the works now contracted for, and to fully expend the money 
which had been subscribed. As soon as they required money they 
intended to put out a certain amount of debentures. He believed 
that they would be able to get debentures at a low rate of interest, 
and if this was done it would be of enormous benefit to the share- 
holders. However, in the event of their requiring more capital, 
they would come to the shareholders first and give them the advan- 
tage of taking up new shares. In conclusion, he said that he 
believed the property would become a very important one, and 
that those who held on to their shares would reap their reward in 
the way he had indicated. He then moved: “ That the report of 
the directors and the statement of accounts to September 30th, 
1889, submitted to the meeting, be received and adopted.” 

Sir R. N. Fowler seconded the motion. 

Mr. Giles said that the statement made by the chairman of the 
progress of the company was very satisfactory. He suggested the 
advisability of issuing the unissued shares now that they stood at 
a premium. : 

Mr. Henderson asked if the company had any overhead wires; 
also whether the shareholders would have an opportunity of paying 
up in full the balance due on their shares. 

The Chairman, in reply, said: As to making further calls, they 
wanted to be popular with the shareholders, and did not want to 
unduly depress the capital by calling up more money. As to 
overhead wires, the Government had laid down a law that over- 
head wires were to be dispensed with two years hence. The com- 
pany were laying their wires underground, but they had bought 
from the London company a certain amount of their overhead 
wires, and that had been a very good bargain. He did not know 
that these overhead wires would be taken down in three years, but 
in the meantime they would be earning money by them. In the 
future their accounts had to be made up to December 31st in each 
year. When they dealt with those accounts they would also deal 
with the question of finance, and then they would intimate whether 
the shares might be paid up in advance or not. 

The report and accounts were then unanimously adopted. 

The retiring auditors (Messrs. Deloitte, Dever, Griffiths & Co.), 
were reappointed, and 

On the motion of Mr. Giles, a vote of thanks was accorded to 
the chairman and directors, and the chairman having replied, the 


proceedings terminated. 


TRAFFIC RECEIPTS. 


The Western and Brazilian Telegraph Company, Limited. The traffic receipt? 
for the week ending December 13th, 1889, after deducting the fifth of the gros? 
receipts payable to the London Platino-Brazilian Telegraph Compal! 
Limited, were £4,048, 
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ELECTRICAL REVIEW. 


ON THE HEATING OF CONDUCTORS BY 
ELECTRIC CURRENTS. 


By A. E. KENNELLY. 


On the Heating of Bare Copper Wires and Strips 
Suspended in Air within Doors. 


It has been shown by Prof. Forbes and others that for 
bare cylindrical wires suspended in air, the temperature 
elevation produced in them by acurrent will be propor- 
tional directly to the square of the current and inversely 
to the cube of the diameter, provided that the loss of 
energy per unit surface of wire per second, known as 
the emissivity, be itself directly proportional to the 
temperature elevation. This assumption, though fre- 
quently made, is recognised to be untrue, and conse- 
quently this law cannot apply rigorously to suspended 
bare wires, just as it has been shown to be only approxi- 
mately true for empanelled wires. Experiment shows 
that the emissivity rises rapidly with the rise of tem- 
perature, being in some cases nearly twice as great per 
degree Centigrade at 100° as it is at 20° Centigrade of 
temperature elevation. 

Hitherto in calculating the limiting temperature of a 
bare wire suspended in air the emissivity has been 
generally taken from the data supplied by the careful 
experiments of Messrs. McFarlane and Nichols, who 
observed the rate of cooling of large metal spheres in 
special inclosures, conditions which are not fairly 
applicable to the cooling of wires, and which cannot, 
as Prof. Forbes himself pointed out, be strictly depended 
upon for that purpose. 

He suggested that the effect of convection was not 
proportional to the surface, while radiation was; and 
experiments have verified this belief. Thus the emis- 
sivity for a polished copper surface in the experiments 
of MacFarlane and Nichols was about 0:000168 therm 
per degree Centigrade between 0° and 60° Centigrade. 
With this value Forbes and others have been led to 
greatly under-estimate the carrying capacity of bare 
suspended wires. In the table accompanying his paper 
already mentioned, the calculated currents to raise the 
temperature of bright copper wires of 0:040 inch and 
0120 inch diameter 49° Centigrade are 65 and 335 
amperes, respectively ; while experiment shows that 
about twice as much current is needed in each case. In 
fact, the emissivity per degree Centigrade has been 
found to vary from 0:00019 therm, with a thin flat 
bright copper strip to 0001364 therm with a bright 
copper wire 0°0356 inch (00904) centimetre) diameter, 
at about 50° Centigrade temperature elevation, or in the 
latter case some eight times as great an emissivity as 
that quoted from the previous data. 

A hot wire suspended in air parts with its heat both 
by convection and radiation. These two processes are 
essentially distinct, and are governed by different laws, 
80 that the complete treatment of the subject can only 
be attained by dealing with each separately and sum- 
ming their effects. The experiments to be described 
have succeeded in determining up to temperature ele- 
vations of 100° Centigrade the separate rates of convec- 
tion and radiation, together with the conditions to which 
they are independently subject. It is true that to de- 
termine all these conditions accurately would demand 
much further investigation, but the results appear to 
be at least reliable as a good first approximation. 

Instead of dealing with the emissivity in therms, as 

been customary, it will be more simple and direct 
to give all the results in watts. 

Fig. 6 represents the temperature elevation measured 
with different current strengths passing through unin- 
sulated copper conductors suspended in air within 
doors, Five different conductors were tested, and of 
these four were copper wires of diameters from 0 0356 
inch (0°0904 cm.) to 01345 inch (0°341 cm.). The fifth 
Was a strip of bright brush copper, 1 inch (2.54 cme.) 
Wide and 0.0065 inch (00165 em.) thick. Curves L., 
Il, IIL, IV., V., VI., and VII. are the traces of the 
‘bservations made upon them. Their surfaces were all 
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brightened with fine emery paper, except that of the 
strip, which needed no polishing. The wires were 
suspended about 8 feet (250 cms.) above the floor, 
between opposite walls of the laboratory, in the still air 
with the windows closed. These precautions were 
taken because it was found that a comparatively small 
disturbance of the air exercised a decided cooling in- 
fluence on the wire. Thus a fan gently waved beneath 
and at right angles to one of these 25-foot lengths of 
wire under test produced a diminution in its resistance 
that was plainly discernible, and arrangements were 
therefore made to keep the air as free from disturbance 
as possible. For the same reason all the observations, 
though they reached their practical maxima much 
more quickly than had been the case with the paneled 
wires, were more variable and never remained quite 
steady. The readings had consequently to be repeated 
several times and means taken to obtain fair results. 
The emissivity of the strip (in its upright position, 
to be later described) proved to be 0:24 watt per linear 
centimetre, at 50° Cent. temperature elevation, its 
surface per centimetre being 5:11 sq. cms., while the 
emissivity of the smallest wire was 0°08 watts per 
linear centimetre at the same temperature elevation, its 
surface per centimetre being 0284 sq.cms. Both these 
measurements being referred to the unit surface in- 
stead of unit length, give, respectively, 0.047 and 0:28 
watts per sq. cm., thus making the emissivity of the 
small wire about six times as great as that of the strip 
for the same temperature elevation. From this great 
discrepancy it appeared probable that the convection, 
instead of being proportional to the surface, like radia- 
tion, was equal in both cases, or nearly so ; for if the 
convection had been proportional to the surface the 
mere difference in the form of the two conductors, 
whose surfaces were of similar appearance, could hardly 
account for so large a discrepancy. By assuming the 
convection to be equal for both wire and strip a pair of 
simultaneous equations was supplied by each pair of 
corresponding elevation points in the observation 
curves, thus giving radiation and convection inde- 
pendently for each such pair. The results for the 
radiation obtained in this way are :— 
Radiation for both wire and strip— 
Watts per sq. cm. 


At 10 deg. C. temperature elevation «... 0°004765 
40 ” 0°02466 
60 » 004103 
» 0 » » » 0°04995 
” 80 ” ooo 0°05927 
90 ” ove 0:06796 
100 ” ” eee 007790 


a rate of increase considerably beyond arithmetical 
progression. The test of the accuracy of the assumption 
on which these figures are obtained must be the 
accordance of this series with the laws of radiation as 
they are independently known. 

MM. Dalong and Petit have published in the seventh 
volume of the Annales de Chimie et de Physique, 1817, 
a veritable poem in physical investigation upon the 
laws of cooling bodies. In their experiments the 
radiation was found to vary with the temperature 
elevation in geometrical progression expressed by the 
equation : 


h= cc1-0077)° { (1:0077)' —1 \ 


where / is the quantity of heat lost by radiation from 
a hot body per square centimetre per second; c¢, a 
constant depending on the nature of the radiating 
surfaces ; 0, the temperature of surrounding bodies, 
and ¢ the temperature elevation of the hot body in 
degrees Centigrade. 

Taking this formula as representing the best existing 
knowledge of the rate of radiation with temperature, 
the test of the above assumption is in the accordance 
of the above series of calculated radiations with a 
similar series obtained from Dulong & Petit’s equation, 


making ¢ successively 10, 20, 30, &c., up to 100. The 
numbers so arrived at are : 
1:0077:° —1=0°0797 
1:00772° —1=0°1658 
1:0077°° —1=0'2587 
1:0077+° —1=0°3591 
1:0077°° —1 =0°4675 
To test the degree of accordance between the two 
series, the fourth element, corresponding to forty 
degrees Cent. (that being probably the most favourably 
situated for accuracy in observation), may be multi- 
plied by 0:06866 to make it coincide with the calculated 
radiation 0:02466, and all the terms of the latter series 
may be similarly multiplied by the same factor. We 
then obtain the results given in the following table. 


1:0077°° —1=0°5844 
1:00777° —1=0°7108 
1:0077°° —1=0'8471 
1:00779° —1=0°9944 
100771 °° —1=1°1534 


Temp, | | Bester | 
Eleva- | | compari- |referred to 40° C.| wire and Discrepancy. 
series. son. elevation. strip. 
10° | 0:0797 | 0°06866| 0°05473 0°04765 |0—-0007 
20° | 0°1658 |... 0°01138 0°01057 |—0:0008 
30° | 0°2587 |. 001776 001729 |—0-0006 
40° | 03591 |. 902466 0°02466. Standard 
50° | 0°4675 0°03210 0:03212 | + 0:00002minimum 
60° | 05844 004013 0 04103 | + 0:0009 
70° | 0°7108 0°04881 004995 | + 0°0011 
80° | 0°8471 005817 0:05927 | +0°0011 
90° | 09944 0:06827 0°06796 | —0°0003 
100° | 11534 0°07919 0°07790 | —0°0013 maximum 


This agreement must be considered very satisfactory, 
and it is difficult to suppose it merely coincidental. It 
not only strengthens the reliance to be placed on 
Dulong and Petit’s law, but it also amounts to a demon- 
stration that the convection does not depend upon the 
surface, or that at least it can only do so in a very 
limited degree. 

The radiation in watts per square centimetre from a 
surface of bright copper may therefore be accepted as 
0:0687 (1:0077' — 1) under the condition of these ex- 
periments. But Dulong and Petit’s law requires that 
this factor 0:0687 should itself bea function of the tem- 
perature of surrounding bodies, or, in other words, that 
the radiation loss from a hot wire for a given tempera- 
ture elevation increases with the absolute temperature. 
It may theréfore be assumed that 


0:06866 = c (1:0077)? ; 
and in these experiments 0, the temperature of the sur- 
rounding air, was about 26° Centigrade, so that 
006866 
= 0077) 
= 0°05625. 


Whence the complete expression for the radiation from 
a bright copper wire in watts per square centimetre 18: 


0-05625 (1:0077)° [ (1:0077)' — 1]. 
It is to be observed, however, that this factor 


(1:0077)® is a deduction only, as yet not verified by 
experiment. It is difficult to decide this point in the 
summer season, but it is hoped to determine the ques 
tion of its existence experimentally during the ensuing 
winter by observing whether the radiation does vary 
to such a degree for given temperature elevations when 
the temperature of surrounding bodies is changed. 
Should this factor’s existence be verified it would com- 
pletely establish the application of Dulong and Petit’s 
law. If, on the other hand, the variation is not to be 
detected, while it would certainly weaken the position, 
the general evidence, apart from Dulong and Petits 
law, is sufficient to maintain the use of —y term 

1:0077)' — 1], while the factor 0°06866 would neces 
as independent of With this 
reservation the retention of the factor is probably justi- 
fied, especially as for most practical purposes the ques- 
tion is not a vital one. hte 

The following table gives the radiation in watts - 
sq. centimetre of bright copper for @ = 25° Centigrade, 


and if the factor (1:0077)® be found to have an ¢* 


3 


Amperes. 


& 


DEC 
TAB: 
Diamet 
Inches. 
0:05 
010 
0°15 
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TABLE OF CURRENT STRENGTHS CAPABLE OF ELEVATING THE TEMPERATURE OF BARE COPPER WIRES 
7108 OF 98 PER CENT. CONDUCTIVITY SUSPENDED IN STILL AIR. 
"8471 
"9944 
"1534 Diameter of conductor. 5 deg. C. _ Wdeg. Cc. 20 deg. C. 40 deg. C. 80 deg. C. 
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Fig. '7.—Curves representing the current strengths required 
to elevate the temperature of wires of diameters up to L inch, 
5°, 10°, 20°, 40° and 80° C.; for bright and blackened copper of 
98 per cent. conductivity in still air at 20° C, 

Ordinates : Current strength amperes. 
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perimental existence, it will be a simple matter to 
amplify the table for various values of 6 from, zero to 
30° Centigrade. . 


RADIATION TABLE IN WATTS PER SQUARE CENTI- 
METRE FOR BRIGHT COPPER. 


| | Radiation 
5° 0-0391 0:002665 
10° 0:0797 0°00543 
15° 0°1219 0:00831 
20° 0°1658 00113 
25° 0°2114 00144 
30° 0°2587 00176 
35° 0°3080 0 0210 
40° 03591 0:0245 
45° 0°4123 0:0281 
50° 0°4675 0°0319 
55° 0°5249 0°'0358 
60° 0 5844 0°0398 
65° 0 6164 0-0441 
70° 0°7108 00484 
75° 0°7777 0°0530 
80° 0°8471 0:0577 
85° 0°9194 0.0627 
90° 09944 0:0678 
95° 1:0724 0:0731 
100° 1:1534 0:0786 


The radiation is thus roughly 0:0006 watt or 0:00014 
therm per square centimetre per degree Centigrade, in- 
creasing in geometrical ratio ; and one square metre of 
bright copper at 100° Centigrade elevation would radiate 
about 800 watts. 

The same series of simultaneous equations which 
gave the radiation values furnish also the convection 
for wire and strip and its rate of change. Fig. 6 gives 
the result of the analysis. Curves Nos. I., II., IV. and 
V., in the left-hand section (A) represent the total 
emission in watts per linear centimetre as actually 
measured, and as composed of both radiation and con- 
vection. In the right-hand section (C) the total 
radiation obtained in the above manner is represented 
in the corresponding curves I., II., 1V. and V., drawn 
to the same scale. The difference at each pair of cor- 
responding points between the total emission and the 
total radiation represents the convection loss, and this 
is given by the lower set of curves, I., II, IV. and V., 
in the central section (B) to the same scale, and also in 
the upper curves to this scale magnified five times for 
the benefit of clearer comparison. It will be observed 
that the convection was nearly the same in each case, 
the effect of increasing the diameter of the wire from 
0°0356 inch (0:0904 centimetre) to 0°1345 inch (0 3476 
centimetre), that is, nearly four times, only appearing 
to increase the convection 20 per cent.; thus cor- 
roborating the results arrived at by the test of agree- 
ment with Dulong and Petit’s law. The convection 
appears to increase rather more rapidly thin the 
temperature elevation, except in the case of the smallest 
wire. This result is not in accordance with those of 
Dulong and Petit, who found the convection in their 
experiments with cooling spheres to increase as the 
power 1:233 of the temperature elevation, or according 
to the factor 21°33, It is quite possible, however, that 
the convection for spheres may not be the counterpart 
of that for long wires, and it is to be observed that not 
only are the laws of convection a branch of hydro- 
dynamics more complex than those of radiation, which 
does not appear to vary with the form of surface, but 
the number and precision of these particular experi- 
ments scarcely warrant any more definite deductions 
to be made in this direction. 

For practical purposes, therefore, it will be sufficient 
to take a mean value of the convection, and to assume it 
to be proportional to the temperature elevation, until 
further investigation may afford more precise informa- 
tion. We may, therefore, take the loss of heat by con- 
vection from any wire at the mean value of 000175 watt 
per linear centimetre in still air for each degree Cent. 
of temperature elevation ; that is, 1 kilowatt for ever~ 
114 metres at 50° Cent. temperature rise. 


Fig. 6 (a) also shows that the total emission of a wire 
per centimetre may rise faster or slower than the tem. 
perature elevation, or may even trace a straight line 
proportional to the elevation for a certain distance, 
according to the dimensions of the wire and the rela- 
tive proportions of convection and radiation in its 
cooling. The smaller the wire the greater the likeli- 
hood appears to be of the rate of emission falling 
behind the rate of rise in temperature. 

Experiments were next made to determine the 
amount of variation that a difference in quality of 
of surface could effect in the rate of radiation. For 
this purpose five wires of the same dimensions and 
material—that is to say, five lengths of the same wire— 
were suspended parallel and their surfaces coated with 
different substances. On another occasion five lengths 
of the same strip were treated and experimented upon 
in asimilar manner. The results showed that in still 
air a black coating of sulphide of copper, produced by 
painting the bright surface with a solution of sulphide 
of sodium, reduced the temperature elevation corre- 
sponding to any given current nearly 30 per cent. 
both for wires and strips ; whilea coating of lampblack 
and shellac (dead black carpenter’s varnish) similarly 
reduced the temperature of the strips nearly 50 per 
cent. This has a useful bearing upon bare copper 
conductors within doors, say in an illuminating central 
station, for if their surfaces are so large that the heat 
loss takes place principally by radiation (and for sur- 
faces above 5 square centimetres per linear centimetre 
convection plays but asmall part), the saving of energy 
produced by painting the conductors with this varnish 
will, through the lowered temperature and resistance, 


amount to + per cent., where ¢is the previous tempera- 


ture elevation. So that if these conductors be maintained 
at 50 degrees Centigrade elevation in the bright state 
this will fall to about 27 degrees Centigrade after 
painting, with a resultant saving of about 8 per cent. of 
the whole energy previously generated by the current 
in the painted length. This applies not only to bright 
copper, but also to copper that has become slightly 
tarnished by age, but may not apply equally to copper 
whose sarface is encrusted with dust or smoke. 

By first determining the radiation and convection for 
the bright wire and strip, then assuming the convection 
to be equal for the other coated wires and strips, 
respectively, the mean ratio of the radiation from each 
quality of surface to the radiation of bright copper was 
calculated to be as follows : 

For the wires : 

Thin coating of brown shellac varnish, 1°6 ; thick 
coating of copper sulphide (CaS), 23; thick coating of 
lampblack made adherent by molasses, 2:0. 

For the strips : 

Thick coating of brown shellac varnish, 1°8; rather 
imperfect and thin coating of copper sulphide, 15; 
lampblack by deposit from smoky candle, 14; thin 
coating of varnish, lampblack and shellac, 2-0. 

The coating of copper sulphide was not so successful 
in promoting radiation with the strips as with the 
wires, partly owing, however, to imperfect coating. 
The necessity for a compact adherent layer in obtaining 
active radiation is also shown, for while lampblack, 
deposited from a flame, only added 42 per cent. to 
bright radiation, lampblack applied with thin shellac 
varnish doubled it. 

We may therefore take the radiation from a properly 
blackened wire as double that from a bright wire. 

Experiments were also made with two strips of bright 
copper to ascertain how far their convection was affected 
by their plane of suspension. In the above-mentioned 
tests of strips, they were all secured at their extremities 
to lie flat ; but toward their centre they each dipped to 
one side or the other out of the horizontal plane, 
making a dip of about 45°, and the following tests were 
made to determine whether the convection depended 
to any extent upon this angle : 

Tr se two strips were supported in air at about every 
thre: feet, one of them being fixed in the vertical plane, 
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while the other rested flat above all the supports. 
Their perpendicular distance apart was eight inches (21 
centimetres). The testing current was sent through 
them in series, and the temperature elevations deter- 
mined for each in the usual way. Curves III. and VLI., 
fig. 6 (a) represents their relative behaviour. In the 
first trial the temperature elevation of the flat strip 
reached 120° Centigrade, at 101 ampéres, while that of 
the upright was only 1025° C. To make certain that 
this difference was not due to any inequality of 
radiating power, the strips were exchanged in position, 
the upright one being now flat, and vice versd. On 
repeating the test, the temperature elevation of the flat 
strip reached 130° C. at 100 ampéres, while that of 
the upright strip was 101:3° C., practically the same 
result, and the only means of accounting for the dif- 
ference was the plane of the strips. The diagram shows 
that the emission of the upright strip was greater than 
that obtained from it in the previous test while unsup- 
ported and drooping, and the emission from the flat 
strip less—a result quite in accordance with expecta- 
tion. 

Fig. 6 (B) gives the calenlated values of the convec- 
tion from the upright and flat strip. The latter is seen 
to be about 45 per cent. less than the former, a rather 
surprising difference, for it would indicate that, sup- 
posing the upper surface of the flat strip to be equally 
affected by convection to the same degree as one side 
of the upright strip, the convection from the lower 
surface would then be ten times less. 

The final results of the experiments on bare wires in 
still air point to the following means of calculating the 
current strength necessary to raise any given copper 
wire to a certain temperature elevation : 

Let d be its diameter in centimetres ; 

¢ ,, the given temperature elevation ; 

r ,, its resistivity at 0° C., in obms ; 

6 ,, the temperature of surrounding objects ; 

m ,, the coefficient of surface for radiation. 
Let ¢ + @ = T, the temperature attained by the wire. 
Then its resistance per centimetre will be : 


4r(1 + 0:00388 T) 
ohms. 
The energy developed per centimetre by a current of 
c ampéres will be: 
4cr(1 + 0:00388 T) 
The heat convected from it will be : 000175 ¢ watts 
per centimetre. 
The heat radiated from it will be: 
dm x 0-0687 [(1:0077)' — 1] watts per centimetre. 
Or if the radiation for ¢ deg. elevation be taken from 
the previous table and denoted by R;: 


The total radiation per linear centimetre = d m x Ry 
Watt. Equating the gain and losses, 


4 (1 + 0:00388% T) _ 0.00175 t + dm 


aim wr Re + t 
0886 r (1 + 0:00388 7) 


for copper of 98 per cent. conductivity 7 = 1°65 x 10~; 
so that simplifying— 
For bright wires : 


= = af + F 
m=al,c= 29d T+ 0003887 


for blackened wires : 


m= 2, 89d Om +t, 


+ tT’ 


where Q = xd, the circumference of the wire. 

The following table of current strengths capable of 
elevating the temperature of bare copper wires of 98 
per cent. conductivity suspended in still air, 5 degrees, 
10 degrees, 20 degrees, 40 degrees and 80 degrees, above 
surrounding air and objects at 20 degrees Centigrade, 


watts per centimetre. 


whence, 


has been calculated for bright and blackened wires by 
the use of these formulsw. It will be observed that the 
currents are given up to 1,500 ampéres, while 100 
ampéres was the experimental limit to which this 
series was carried. To present, however, a comparison 
of the results calculated in the table with those actually 
measured up to that limit, the following may be 
noticed : 


For elevation of 
5° C., the observed current was 24 ampéres; tabulated, 24 
34 


10° C., ” ” 34:5 ” 

20° ” ” ” 47°5 
40° C., ” ” 67 ” ” 63 
80° C., ” ” 92 ” ” 91 


Fig. 7 gives the above table in graphic form, the con- 
tinuous lines representing bright, and the broken lines 
blackened, wires. 


TESTS MADE FOR HEALTH DEPARTMENT 
OF THE CITY OF NEW YORK. 


In accordance with the statement made in our last issue we here 
give the tests which: has been forwarded to us by Mr. Harold 


P. Brown. 
* October 15th, 1889. 
« To the Sanitary Superintendent. 

“ We visited the plant of the Manhattan Electric Light Com- 
pany at 80th Street and Avenue B on the 14th inst., and inspected 
the dynamos in operation thereat, testing the leakage of electric 
current from each. This station has but recently been completed, 
and we are informed that most of its wire is new. The following 
is the detailed result of our investigation :— 


Test. | Character of Dynamos. Outgoing | Return 
volts. 
1 | Continuous current, Jenney, 1,650 
2 | ” ” ” not running ooo ase 
3 | | Rone | 1,020 
5 | Thomson-Houston, No. 1... oe ie 300 150 
6 ” ” ” Bist eee oe none 60 
8 | Alternating current ,, 1, 1,000 volts ... 450 600 
9 » 2, notrunning... ove ove 
10 ” ” ” 3, 1,000 volts . 150 150 
11 ” » » 4 »” 450 450 
12 »” ” ”» 5 ” 600 450 
13 ” 6 600 600 
14 ”» » wmf » 450 450 
15 ” ” » 8 ” 450 300 
16 » 9 600 600 
17 ” 10 ” eee 300 450 


“The Cardew patent voltmeter was used for this purpose, one 
terminal being grounded. The instrument contained three resist- 
ance coils in series with it, so that the voltage could be read from 
30 to 3,600 volts. The coils were wound so as to cancel the effect 
of self-induction, and the apparatus has recently been tested by 
two authorities and found correct within 1 volt. A third calibra- 
tion is now being made. 

“ This leakage indicates imperfect insulation. A person touch- 
ing a wire leaking at a defective point would, if a ground connec- 
tion were made at the same time, receive the amount of leakage 
indicated in our table. It is our opinion, based upon our own 
experiments, and authentic records of the experiments of others, 
that an alternating current of 250 volts is dangerous to the hfe 
of any person through whose body such current might pass; also 
that a continuous current of 700 volts is, in alike manner, an 
unsafe amount of electrical force to be permitted to be used upon 
an imperfectly insulated wire. 

“We therefore respectfully recommend that proper measures 
be taken to reduce the electrical pressure upon wires used in the 
City of New York to less than what we have indicated as unsafe. 

“ (Signed) Cyrus Epson, M.D., Chief Inspector. 
Epwarp W. Martin, Chemist. 


Ezplanation. 


“Tests No. 1, No. 3, and No. 5, are upon poorly insulated cir- 
cuits, which permit a portion of the continuous current to flow to 
the ground (it was raining a little on that evening). 

“ Tests No. 4, No. 6, and No. 7, are upon well insulated circuits, 
which keep the continuous current from leaking to any dangerous 
extent. 

“ Tests No. 8, and No. 10 to No. 17 are upon circuits having 
most excellent insulation and construction, four of them being in 
subways and the others on poles. It is said that galvanometer 
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tests of these circuits, when the dynamos are not running, show 
perfect insulation. This is probably true, yet.the ‘leakage’ indi- 
cated by the Health Department measurements averages 45 per 
cent. af the »resswre upon the conductors. 

“ This is because the alternating current is used. When an 
electrical current is set up in any circuit, a momentary current in 
the opposite direction is produced in any parallel conductor, by 
what is called induction ; when the first current is stopped an in- 
duced current is produced in the same direction as the first. 

“ It is therefore evident that with the alternating current, which 
is a series of impulses, flowing first in one direction and then in 
the other, a corresponding series of induced currents is produced 
outside the insulation of the wire, if any moisture is present to 
serve as a conductor. Ifthe wires are contained in lead or iron 
pipes the metal transmits the induced current. 

‘* There is no insulation known to science that can prevent the 
mysterious action of induction, and the distances at which 
it will act are almost incredible. Mr. Edison, in his rail- 
way train telegraph, has transmitted signals by induction 
through over 400 feet of dry air, which is an excellent insu- 
lator. This telegraph system is operated by a feeble battery 
current, which could not possibly inflict injury, but in the 
alternating system of electric lighting the pressure is at 
least five times as much as is required to produce death. Wires 
transmitting the latter current, whether on pole lines or under- 
ground, can in no way known to science be so insulated as to be 
safe. For instance, in Dallas, Texas, where the conductors are 
said to be well insulated, inclosed in pipes and placed underground, 
a working man named Thomas Madigan was killed on April 23rd, 
1889, by touching an insulated house or secondary wire while at 
work in the Grand Windsor Hotel. 

“The alternating current has been in extensive use for less 
than two years, and yet it has killed at least 40 persons. On the 
other hand, arc light currents have been widely used for the past 
10 years. During this time the high-tension continuous current 
has killed but 10 persons, and the high-tension pulsating current 
60. There has never been a single death caused by the low- 
tension continuous current which all companies are free to use. 

* All arc light currents may be made safe by proper precautions, 
without cutting the pressure down to the limits advised, but 
unless some device can be invented which will guard against the 
effects of induction, the high-tension alternating current should 
be prohibited. The only reason that the deadly alternating 
current is used, is that the electric light companies may economise 
in wire at the expense of public safety.” 


SOME NEW FORMS OF ELECTRICAL 
TREATMENT. 


Tue President and past-Presidents of the City and Guilds of 
London Institute Old Students’ Association gave a very pleasant 
soirée at the Institute of Medical Electricity, Waterloo Place, 
8.W., on Thursday, December 19th. The proceedings commenced 
with a reception, and included, besides a vocal and instrumental 
concert and dancing, an exhibition of electrical apparatus, and of 
Edison’s phonograph, kindly lent by Col. Gouraud. A special 
feature of the evening was an address, with experiments, by Mr. 
H. Newman Lawrence, on ‘‘Some new Forms of Electric Treat- 
ment,” which was delivered in the “ electrified room.” 

The lecturersaid: Iam afraid I can hardly speak of this address as 
partof the evening’s amusement. Perhaps it is rather too serious 
a matter for the occasion ; but it was thought by our committee 
that this would be a good opportunity for one who has been so 
long connected with this association to say a few words about a 
special work, which is to a large extent new, and has created a 
considerable amount of interest, especially among my friends of 
the electrical profession. I do not propose to enter into anything 
severely technical; but, just as briefly as may be, to say a few 
words upon a few special modes of treatment which have been 
practised, and are being practised and investigated in this building, 
under the auspices of the Institute of Medical Electricity. Most 
of us, no doubt, are acquainted with what they call the ordinary 
methods of treatment by electricity. They are generally familiar 
to us, though in the form of shocks, more or less unpleasant, which 
we have at one time or other experienced—perhaps more in fun 
than anything else—but still we do not like them. Another 
method, and, perhaps, a little better one, is what is called ordinary 
galvanisation, or putting the battery on. Those of you who are 
electricians will be able to appreciate the extreme scientific 
accuracy of that treatment. The ordinary methods such 
as we practise here are, briefly, the passing of electric 
currents through the different parts of the body under 
different conditions, careful measurements being taken in 
all cases. I will not stop to go into this more fully than 
to say that they include the use of continuous currents, alternating 
currents and interrupted currents. I desire more particularly to 
call your attention to the few new forms which we have adopted 
here. First of all I will speak of the apparatus known as the 
“electrified room.” This electrified room was invented by Captain 
Byng, R.N., and we have adopted it here for the very special 
reason that it enables us to pass electric currents—very minute 
perhaps—through patients without their being aware of the 
presence of these currents. The apparatus consists, briefly, of a 
metal floor insulated from the other floor, and a metal ceiling, or 


brass work, which is also insulated from everything else; and we 
charge these two by means of a Jarge induction coil, which I wil] 
now put in action, and ask these ladies and gentlemen seated here 
if they can feel any evidence of electrical action. Now, the whole 
of this party sitting on this floor are electrified, though, I suppose, 
they are not aware of any sensation. If anyone does feel any- 
thing perhaps he will kindly tell us ; but I very seldom find that 
patients feel anything. What is happening now is that the whole 
of the atmosphere between these two poles is under strong electric 
agitation by alternating currents, and all those human bodies 
now upon the platform are influenced by it without being 
aware of it. The simplest proof of that—a proof I see already 
ut into effect—is that if anyone stands off this floor, and thereby 
mes connected to earth, touches any one on the floor, a spark 
and a distinct shock are instantly apparent. That is a very 
simple proof of the fact that he is electrically influenced, at any 
rate; but now I should like to submit a proof of the presence of 
alternating currents, and if some gentleman will be kind enough 
to come forward in order that I may put his body to the test 
I shall be very much obliged. 

Iam going to put the electrodes upon the body of this gentle- 
man, and attached to these electrodes is a telephone; and I will ask 
you when I have set the apparatus going to kindly pass the telephone 
round. It is connected now to the patient, as we will for the time 
being call him, and those of you who listen to the telephone will 
hear a distinct buzzing noise, which is always indicative of 
alternating currents in the circuit. 

You will observe that all the electric effect is coming from the 
patient, and not from anything else. The patient feels nothing 
whatever of it. 

There is a number of varieties of these experiments which might 
be carried on, showing the action in the field, even when special 
efforts are made to insulate the patient ; but I do not propose to 
go through the whole series. I have just shown you that as an 
illustration of the way in which a patient can be influenced 
without being aware of it. 

In addition to that, we use this room in a form combining with 
it “ massage,” or manipulation, in such a manner that the action 
of manipulation takes a portion of the current or the charge from 
the patient through the body of the operator to the earth, so that 
the patient gets the advantage of the manipulation and of the 
electricity at the same time. This particular form of treatment 
has proved extremely valuable in many cases, and we have used 
it with great success in such cases as chronicrheumatism, paralysis, 
infantile paralysis, nervous prostration, and similar diseases. I 
am not saying what might be done with it, but only what has been 
done with it. 

Another and a still newer form of treatment occurred to me, 
and I had hoped to be able to show the apparatus here ; but, un- 
fortunately, it takes up too much space. It is what I call an 
electro-gymnastic apparatus, and its object is to administer elec- 
trical currents of various strengths and character during the time 
that mechanical exercise is being carried out. 

One form of my apparatus consists of a platform carrying an 
upright post or support terminating at the top in a lever. To one 
end of the lever is attached a cord connected to a weight carriage 
sliding on an inclined plane, while to the other end cords and 
handles are attached. Conductors are arranged along the uprights 
and part of the lever to the cords and handles. Conductors of 
wire gauze are also arranged upon the platform in such a manner 
that a patient may stand upon them and be otherwise insulated. 
These various conductors are connected in such a way tothe poles 
of one or more batteries that when a patient standing upon the 
platform grasps the handle or handles currents of suitable strength 
and character may pass through his limbs or whole body, as 
may be required during the time that he is exercising his muscles 
by pulling at the weighted lever. Other forms are arranged for 
the passage of currents during the exercise of the legs either sepa- 
rately or together. It is easy to see that any number of circuits 
may be arranged, all including such portion of the patient’s body 
as may be under exercise at the time. 

There is a very remarkable feature connected with the use of this 
apparatus, and one which physiologists, so far at least as they have 
been asked, are unable to explain. Suppose we put the maximum 
current on while the patient is at rest; the moment he begins to 
move his muscles he finds the effect of the current diminished by 
at least one-half, probably more. So the result of the use of the 
apparatus is that we can, while exercise is going on, administer 
much stronger currents than while the patient is at rest; the 
object being to promote nutrition of muscles that are short of 
their proper development, and to get the advantage of the elec- 
trical nutrition, in addition to the mechanical exercise. That 
apparatus has been tested with a few patients only; but all who 
have tried it have been considerably benefitted. 

There is a third form of special treatment, a new form which is 
due to my able colleague, Dr. Herries. Of course, electrolysis is 
not new; but this is a special form of application which Dr. 
Herries has instituted with very marked success. He has used 
various electrodes, some of which have been designed by him. 
They are rather unpleasant-looking instruments; but patients 
generally say that they do not find their action very unpleasaant. 
Here we have a two-pointed needle, both points connected to the 
same pole. Here we have a flat three-pointed needle; and here 
we have a further development in the form of a triangular-shaped 
three-pointed needle, the triangle at the base being rather less 
than one-half the triangle at the head. The use of these needles 
is to surround, as far as possible, the unpleasant growths appa- 
rent in some skin diseases. Dr Herries finds that many of 
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these skin diseases are due most emphatically to the presence of 
germs, and he thought it would be a very good way of destroying 
these germs if he could electrolysise them. These are the needles 
invented for this purpose, and they have been used with very 
satisfactory results. This three-pointed needle can be passed all 
round the nodule, and when the current is passed we find a com- 
plete effervescence going all round the needle points ; the nodule 
becomes very pallid, and it is apparent that great agitation is going 
on beneath the surface. It would take too long to go into the 
matter fully—I may simply say that it has resulted in the apparent 
destruction of germs in several cases. In one case of that very 
unpleasant disease, lupus, of eight years standing, after seven 
sittings, Dr. Herries was able to send the patient away quite cured. 
Of those under treatment some have made very rapid progress, 
and others are progressing very satisfactorily, but some cases are 
so extremely chronic that we cannot expect to deal with them in 
the short number of sittings I mentioned. 

I now wish to call your attention to an entirely new method, 
which is also mainly due to Dr. Herries, although he and I have 
worked together to carry the thing out. The name given to it is 
that of cataphoric medication, a word which carries its own 
meaning very well. It depends for its action on what is known 
as cataphoresis, or the power of electric currents t> carry with 
them solutions of drugs through a septum. It is a form of 
osmosis hurried up by electricity, and we find it possible to pass 
through the skin by its means solutions of various drugs. We do 
not claim that the idea is new; it has been experimented upon in 
Germany with a certain amount of success, and in a small way in 
England without success, for the very simple reason that only one 
particular form of the operation was tried, and, as most ot these 
things are tried by the medical profession, in a very haphazard 
way. The medical profession generally seems to suppose that 
electricity is a thing to be played with (by themselves), and that 
there is no need to learn the various electric details before they 
try various experiments on their patients. I am not saying this 
simply because you are for the most part an audience of electric 
folk, because I have said the same thing to an audience of medical 
men quite recently, and they admitted what I said to be true. 
Many of the most important electrical operations of the day 
are utterly spoiled, and then condemned, simply through want of 
attention to electrical details. This method of cataphoric medica- 
tion I had hoped to show you by an experiment, but I found 
it would take too long, and I was obliged to give it up. But the ex- 
periment has been carried out here, and I will just briefly illustrate 
it. We had two cups, one containing a solution of sulphuric acid 
and the other a solution of chloride of barium. We then connected 
the two byaconductor in the form of a glass tube filled with acon- 
ducting fluid, which had no action either upon the sulphuric acid or 
the chloride of barium, salt and water, in fact. Then by placing the 
positive electrode in the solution of sulphuric acid, and the negative 
in thesolution of barium, and passing the current through for about 
three-quarters of an hour, we found that some of this sulphuric 
acid had travelled along the conductor in sufficient quantity to 
throw down the barium in the vessel, and we got a precipitate of 
sulphate of barium. That was a most distinct proof that the 
electric current has a power of passing solutions along certain con- 
ductors. Further, we proved that it has the power of passing 
solutions through the skin. We tried a solution of cocaine, and 
we found when we passed the current from one point to another of 
a man’s body that, after 30 minutes of 20 milli-ampéres, that por- 
tions of the skin under the positive pole was thoroughly 
anzstheticised ; so much so, that we could pass needles to a depth 
of a quarter of an inch, without producing any sensation of pain in 
the patient. We had further proof. We succeeded in passing 
iodide of potassium into the kidneys, and tested its presence in the 
urine two hours afterwards. In another case, one of rheumatic 
gout, the same thing was passed into a number of joints with 
excellent results. Solutions of mercury and other drugs have been 
similarly passed into various parts of the body, and we are hoping 
very shortly by this method to deal with such troubles as liver 
complaints, and possibly, lung diseases. 

These few sketchy remarks may perhaps briefly, of course, indicate 
what an enormous field for investigation, and for good and useful 
work, is before us. Iam glad to have had the opportunity of putting 
these few facts before you, because I wish my old friends of this 
association to see that at this Institute we not only treat patients 
as instructed by the doctors in the ordinary methods, but 
also endeavour to carry out scientific investigation, and by new 
developments promote good and more accurate work in electro- 
therapeutics. 


NEW PATENTS—1889. 


19748. ‘ Improvements in apparatus connected with ‘ incan- 
descent electric lamps’ for the use of dentists, surgeons, and 
others.” W. Broveuton. Dated December 9. 

19803. ‘‘ Improvements in reflector adjusters for oil lamps, gas, 
or electric lights.” R.F. Dzwnurst. Dated December 10. 

19831. ‘“‘ Quick make and break electric switches.”” C. M. 
Dorman and R. A. Smirn. Dated December 10. 

19835. Improvements in electrical signalling apparatus for the 

revention of collisions between railway trains.” M. Perus and 

. Perts. Dated December 10, 


19857. ‘‘ Improvements in secondary battery elements.” Sir 
C.S. Forsges. Dated December 10. 

19861. ‘* Improvements in secondary batteries.”” C.H. Loaan. 
Dated December 10. (Complete.) 

19875. “Improvements in electric gas-lighters and extin- 
guishers.” N. Newman. Dated December 10. (Complete.) 

19883. “Improvements in electrical secondary batteries.” 
J. K. Pumpgenty and F. D. THomason. Dated December 10. 
(Complete. ) 

19892. ‘“ Improvements in machines or apparatus for welding 
metal by means of electricity.” H.E.Fow.er. Dated Decem- 
ber 10. (Complete.) 

19946. “Improvements in telegraph transmitters.” O. D. 
La Dow. Dated December11. (Complete.) 

19951. ‘ Improvements in electrical switches.” H. Barry. 
Dated December 11. 

19979. “The improvement of telephones.” W. ANDREWS 
Dated December 12. 

20022. “A bi-planar electric switch.”” E. Witson. Dated 
December 12. 

20050. ‘“ An improved spirit or liquid measure, self-closing 
and self-registering, without electricity or a float.” T. M. 
Smrppy. Dated December 13. 

20059. “ Improvements in and connected with electrical safety 
‘cut-outs’ and ‘ switches.’ R. G. SmytHe and E. Payne. 
Dated December 13. 

20079. “ Improvements in fittings for outside and other electric 
lamps or lanterns.” R. H. Hugues and R. 8. Huenes. Dated 
December 13. 

20082. ‘A method of and apparatus for signalling numerals, 
letters, and other symbols by electric light.” R. T. Turnsuxt. 
Dated December 13. 

20163. “ Improvements in propelling tricycles and other veloci- 
pedes by electricity.” T. Macuin. Dated December 14, 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1888. 


17718. “ Improvements in electric cut-outs or circuit breakers.” 
T. Parxer and E. 8S. G. Rees. Dated December 5. 6d. Consists 
of an electro-magnet, an armature, a switch, and a trigger which 


.is operated by the armature to release the switch. The coil of 


the electro-magnet may form part of the main circuit, or it may 
be included in the shunt across that part of the circuit in which 
the E.M.¥. is generated. The armature is held away from the 
electro-magnet by a weight or spring sufficient to prevent the 
attraction of the armature into contact with or proximity to the 
poles of the magnet until the current reaches a certain amount. 
The armature is provided with a projecting part, or is otherwise 
constructed so that some portion of it comes into contact with and 
releases the trigger when the armature is attracted. The trigger 
is constructed and arranged to hold the switch in a position 
closing the circuit until the trigger is released, whereupon the 
switch is pulled open by a spring. The switch is closed by hand. 
1 claim. 


18108. ‘“ Improvements in casings for electric cut-outs.” H. H. 
Lake. (Communicated from abroad by S. Bergmann, of New 
York.) Dated December 11. 6d. Consists in the combination 
with the body of the casing of an electric cut-out of a transparent 
incombustible cover. 4 claims. 


18589. “ Improvements relating to secondary batteries.” J. L. 
Huser. Dated December 19. 8d. The inventor imbeds in the 
active mass for the storage of the electricity, such as metallic 
compounds or substances, conductors of electricity in the form of a 
grating or screen in such a manner that the active mass will form 
a layer all around the single bars or rods constituting the meshy 
or reticulated conductors, and the finished electrode will maintain 
the form of a network or sieve. 4 claims. 


18636. “Improvements in electrical accumulators.” J. C. 
and G. Dated December 20. 4d. Claim :— 
In electrical accumulators, the employment of porous partitions 
between each plate of the battery or arranging each alternate 
plate in a porous pot, whereby the plates are separated from each 
other, substantially as and for the purposes described. 


CORRESPONDENCE. 


Edison and the Lalande Battery. 


A contemporary of yours makes allusion to what 
evidently must be another of the misconceptions which 
the non-scientific Press is heir to, namely, the «is- 
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covery by Mr. Edison (?), “after thousands of experi- 
ments,” how to reduce the internal resistance of a 
battery toa minimum. The same journal makes refer- 
ence to an advantage which was claimed for the Lalande 
battery (which Mr. Edison, from accounts, claims to 
have discovered) at its inception in this country, that 
it would not only pay all expenses, but the balance 
realised by the waste products would show a margin of 
profit. Now, when the Lalande battery was first intro- 
duced here, the form or construction was not suitable 
for electric lighting on anything like a practical scale ; 
but I believe it has evolved—to use a becoming more 
and more favourite Darwinian expression—to some- 
thing like practical dimensions, although it is a long 
time since I heard anything about it. 

The chemical combinations, I think, are excellent ; 
the oxide of copper next the negative in a caustic 
potash solution, in which on open circuit, with fairly 
pure zinc, the local action is very small ; and yet with a 
closed circuit the potash is an almost unrivalled solvent 
and a splendid conductor. No doubt, as is hinted, if 
Mr. Edison associates himself with this battery, we 
shall hear a great deal more about it, and its capabilities 
under the most favourable conditions. The last I heard 
was that the size of the battery cells, which were of 
cast iron, had increased toa capacity of about 15 to 16 
gallons, and an electric capacity of something like 6,000 
ampére-hours ; the E.M.F., with an output of 100 to 
150 ampéres, being about ‘7 volt. To avoid the neces- 
sity of employing a large number of cells when lighting 
direct from the battery, an expedient was found in 
using a combination of six primaries in series (which 
were said to have less than ,},5th ohm resistance), 
charging a number of accumulators in parallel, which 
again were connected in series on the lighting circuit ; 
the whole being operated by a series parallel switch, 

. such as was employed by Planté in his researches. I 

should like to know what is being done with this in- 
teresting battery, and how far the anticipations of its 
original promoters have been realised. Mr. Edison 
evidently sees something in it, and, like many other 
ideas whispered over the waters, we shall see our 
“cousins” availing themselves of all its advantages, 
or “returning after many days.” 

It will probably not be uninteresting to quote the 
plan for dealing with the products. The battery 
exhausted, we have in solution zincate of potash (soda 
was not so good because it carbonated more readily, 
and the E.M.F. was less), and the oxide of copper is 
reduced to the metallic condition. To revive the solu- 
tion there were, as far as I can remember, three plans. 
The first was to throw the zinc down with sulphide of 
sodium, which adds its own hase to the alkali, and 
thus increases it ; the second was to add sulphide of 
barium ; and the third, from which great results were 
expected, was to throw down the zinc by means of 
sulphuretted hydrogen; the sulphide of zinc thus 
formed being afterwards employed with an acid for 
the further generation of sulphuretted hydrogen for 
the treatment of subsequent quantities of the zincate of 
potash. “ Thesame quantity of sulphuretted hydrogen 
serving indefinitely for the operation of regeneration.” 
When hydrochloric acid was employed, and the zine 
wag in solution as a chloride from the sulphide, 
sulphide of barium was added, which reproduced the 
sulphide of zinc, after first throwing down any iron 
which might be present with bleaching powder ; and 
it was from the sale of this sulphide that a good return 
was expected. When sulphuric acid was employed 
both the barium and zine went down, the former as 
the insoluble salphate, both then forming the pigment, 
or “sulphide of zine white,” in commerce, the barium 
compound being the adulterant. Then there was a 
plan for getting back the zine by electrolysis, mercury 
being the cathode—the zinc separated by distillation of 
the mercury. The copper was oxidised in a furnace. 
After all this, I am not sure that the company ever 
paid a dividend, a very good criterion of its working. 
But perhaps Mr. Edison will add some dividend-paying 
element ; his name is a power; and after all these 
thousands of experiments of his! There is another 


gentleman who could tell us something about this 
battery, Mr. Hugh A. Fergusson; he has been con- 
nected with its operations for a long time, and, I 
believe, introduced it to the Americans some years ago. 
James C. Richardson. 


Ozone. 


I much regret not feeling justified to gratify your 
correspondent’s curiosity in naming the hundreds of 
commercial uses of ozone, or, as I would have called it, 
electrical gas. I decline, for more reasons than one, 
to specify the commercial uses of ozone from A to Z ; 
but as I have offered an invitation to view my ozone 
works, your correspondent will, I am sure, have every 
opportunity of seeing it. I herewith forward a few 
samples of the uses made of ozone, with a list of other 
uses to which I have from time to time applied 
this remarkable and powerful gas. I am engaged 
at the present in compressing the gas for portability, 
and have been fairly successful, with the exception of 
the valves required for this speciality gas. I hope, 
however, to devise a means of overcoming the difficulty, 
when I shall be able to forward per rail ozone to any 
part where it is impossible to erect a producer plant. 

An erroneous impression exists that to produce this 
electrical gas sea air is required ; that is not so, although 
my experiments and analysis of various atmospheres on 
sea and land point undoubtedly to the former for 
superiority. I am sanguine of success in erecting a 
plant on any ordinary floating sea vessel capable of pro- 
ducing a high quantity of ozone which might be 
utilised for medical or sanitary purposes only. The 
dynamo machines could be utilised in lighting the ship, 
as I have proved at my ozone works, 

Now, I wish to point out that I do not claim a 
monopoly in the uses of ozone or electrical gas, but 
what I claim is :— 

1. Having practically solved the problem of pro- 
ducing ozone (or electrical gas) upon an unlimited 
scale for various commercial industries. 

2. Having practically carried out a model plant for 
producing and applying ozone commercially. 

3. That my process is the only process in the world 
which produces from the atmosphere ozone or elec- 
trical gas on a commercial scale. 

I have the assurance to believe that the production 
of electrical machinery for producing this remarkable 
gas will form an entirely new era in electrical engi- 
neering. 

Ernst Fahrig, T.E. 


Munro and Jamieson’s Pocket-Book. 


In the first, third, and fifth editions of Munro and 
Jamieson’s Electrical Pocket-Book, it is stated that 
“ The number of cells required to form an accumulator 
is got by dividing the resistance of the lamp to be fed 
by 2.” 

Probably the word “resistance” is a misprint for 
“voltage:” for a lamp may have about 90 ohms 
resistance to give 16 C.P., or about 45 to give 32 C.P., 
or about 130 to give 10 C.P. These figures are taken at 
random from measurements of lamps described as of 
these several C.P. But all the lamps are marked as of 
48 or 50 volts, and would therefore require some 25 
cells in the secondary battery. 

Perhaps, however, a high resistance lamp, say of 150 
ohms, might be run as an 8 or 10 C.P. by 25 cells, or as 
twice that C.P. with about twice that number of cells. 

Is there any method of determining the prescribed 
voltage of a given lamp (unmarked) ? 

The cold resistance of the lamp can be taken, and the 
length and area of its filament can be guessed at pretty 
nearly. Are those data sufficient to determine the 
voltage at which the lamp was intended by the maker 
to be used, or at which its life, and its efficiency for that 


life, would be a maximum ? . 
Ajax. 
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NEW SHOW ROOMS, 
OFFICES AND 
SUPPLY DEPARTMENT. 


THE ACME ELECTRIC 


(ARTHUR C. COCKBURN, M.1.E.E., Manager), 


WORKS 


PRINCES STREET, 
HANOVER SQUARE, 
LONDON, W. 


INDIA RUBBER, GUTTA PERCHA, & TELEGRAPH WORKS 


COMPANY, LIMITED. 


MANUFACTURERS OF 


DYNAMO MACHINES, 
INSULATED ELECTRIC LIGHT WIRES AND CABLES, 


Lamp Fittings, Switches and Testing Apparatus, Volt and Ampere Meters. 
CONTRACTORS FOR THE SUPPLY AND FITTING UP OF 


ELECTRIC LIGHT APPARATUS 


OF EVERY DESCRIPTION. 


INSTALLATIONS FOR CENTRAL STATIONS, SHIPS, HOUSES, OR FACTORIES. 


ESTIMATES ON APPLICATION. 


Works: SILVERTOWN, LONDON, E. » 


TH 


LONDON WIRE 


ANCHOR — .C. 
COVERED WIRES & CABLES 


OF ALID DESCRIPTIONS 


FOR ELECTRICAL INSTRUMENTS, ELECTRIC LIGHTING, 


BELL AND THLEPHON WoREK, &C.m 
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STEADINESS. ECONOMY. CHEAPNESS. 
LACOMBE & CO.—WORES. LEVALLOIS PERRET, NEAR PARIS. 


London Agent.—H. W. EDLIN, 7, LITTLE UEEN ST., WESTMINSTER. ss 
Telegraphic Address: “LACOMBE, LONDON.” 


TEST INSULATION RESISTANCE 


Of Wiring, Cables, Dynamos, &c., quickly at full working volts with our new 
PORTABLE TESTING a 


OHM-METER 42x MECHANICAL ¥2% GENERATOR. su 
W. T. GOOLDEN & CO.), Woodteld Works, Harrow Roa, LONDON. 


ELECTRICAL PATENTS.—A SPECIALITY. 


FELL AND WILDING, PATENT AGENTS, 


(J. C, FELL, Fel. Inst. P.A., M.L.M.E., &c., Lecturer on Electrical Engineering at the City of London College, &c., $. P. WILDING, M.S. Chem. 1, M.S.A.) 
Best technical, legal, ‘end esteadifie advice in all matters connected with patents. Reliable ts in all countries. Searches 
made, patent cases conducted, opinions technical evidence, &c. Trade marks and designs 


VICTORIA STRADT. 2.0. 


ELLIOTT BROTHERS, 


101 & 102, ST. MARTIN’S LANE, LONDON, W.C. 


(ESTABLISHED snes). 


RLECTRICAL ENGINEERS AND MANUFACTURERS OF ALL KINDS OF 
ELECTRICAL TESTING AND TELEGRAPH INSTRUMENTS. 


SUBMARINE MINING APPARATUS, &. CONTRACTORS TO H.M. GOVERNMENT. 


Highest Award Paris Exhibition 1889, Only “Grand Prix” to any English Blectrical Exhibit 


Telegraph Address: “OHM,” LONDON. Telephone No. 3852. 


PARTICULARS AND PRICES 


OF EVERY KIND OF 


INSULATED WIRES AND CABLES 


Wire Petes List 


FORMULA FoR CONDUCTORS. 


OUR NEW “css PRICE LIST, Copyright, 4s. 
TELEGRAPH MFG. Co. Lp. Hexspy, near WarrineTon. 


11, QUEEN VICTORIA ST., LONDON, 
E.C. 
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BRUSH 


LIMITED, 
Works :—LAMBETH, LONDON, LOUGHBOROUGH, VIENNA, 


MANUFACTURERS AN D GONTRAGTORS. 


MORDEY-VICTORIA 
ALTERNATE CURRENT SYSTEM 


FOR CENTRAL STATION INSTALLATIONS. 
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Mordey-Victoria Alternator, output as generator 75,000 Watts; as Motor 100 H.P. 


VICTORIA TRANSFORMERS 


(MORDEY-WEBBER PATENTS). 


ALTERNATE CURRENT ARC LAMPS, IMPEDANCE COILS, 
SYNCHRONIZERS, SAFETY FUSES AND SWITCHES, 
And all Accessories for CENTRAL STATION Work. 


STEAM ENGINES AND BOILERS FOR ELECTRIC UGhTING AND OTHER meeneee 
SPECIAL TERMS To THE TRADE. 
“The Secretary, 112, Belvedere Road, Lambeth, S.E. 
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THOMSON-HOUSTON 


ALTERNATING CURRENT ELECTRIC LIGHTING APPARATUS. 


The Instalment of over 150 Central Station Plants has demonstrated the Alternating Transformer System to be Superior to all 
others for distributing current from a Central Station over small or large areas for lighting and power purposes. 


ELECTRICAL STORES 


OF EVERY DESCRIPTION. 
} SYSTEM OF 


OF ONE QUALITY ONLY, | 
oer 58 LINES IN SUCCESSFUL OPERATION. 


1,000 MEGOHMS PER MILE. 25 NOW UNDER CONTRACT. 


A 


W. 8. GRAFF BAKER, C.E., 
Mamager Railway Department. 


LAING, WHARTON & DOWN, 


S2a, NEW BOND STREET, LONDON, W. 
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cas ENGINE. 


TWO IMPULSES EVERY REVOLUTION. 


SPECIALLY ADAPTED FOR ELECTRIC LIGHTING. 


Sizes: 20 H.P. up to 100 H.P. 


every 
Revolution, 
up to 
consequently 
100 HP. Steady 
Running, 
LONDON OFFIOE . Glasgow Office: 
80, Queen 184, Buchanan St. — 
~ 
setter: 4, Cloth Market. 
5, Todd Street. 4 
= : Liverpool : 
Haddersfield: == 62, South John 
Biley’s Street. 


0., Limrren, REDDISH, STOCKPORT. ‘ors. 


| 
, Type of 20 H.P. Nominal Double-Acting “STOCKPORT” Gas Engine. 
| 
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1,090. 


AGENTS FOR BERGMANN & Co's EDISON FITTINGS 


CHINA SWITCHES. CUT-OUTS. 
CHINA LAMPHOLDERS. 
CHINA CEILING ROSES. 


Telephone No. 1887. | THE : [Telegrams: “ELECTRICITY.” 
[ BINSWANGER, (OF LONDON AND MANCHESTER). 
[ BIND DIRECTOR. Works :—BENTHAM ROAD, HOMERTON, LONDON. 


48, CHAPEL STREET, SALFORD, MANCHESTER. 
Head Office and Warehouses : 


71, QUEEN VICTORIA ST., 
LONDON; 


ELECTRIC 


WATER HEATER. 


#2 Ss. Od. 


ELECTRIC 
HEATING APPARATUS, 
No. 7,020. FOR 
‘ELECTRIC 
= CURLING IRONS, 
CIGAR LIGHTER No. 7,000. 
£2 5s. _ ELECTRIC RAPID COOKING APPARATUS. 10s. 


~ ‘mall expenditure of current. No danger from fire ; cleanly. 
Made of Copper, in elegant design, of beet workmanship. 
If ordered, we manufacture such apparatus of oaaiter es larger sizes; also 
Electric Coffee Machines, Egg Boilers, &c. 


No. 7,030. 
ELECTRIC FLAT IRONS, 
TO BE USED WITH FLEXIBLE CORDS. 

£4 4s. 


AND OTHER DOMESTIC NOVELTIES. 
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DYNAMOS 


SPEED HIGH EFFICIENC BEST WORKMANSHIP | 
& 74, Coleman Street. LONDON, Ec. 


IGS WOODHOUSE & RAWSON UNITED, Lo,» | 
WHEATLEY KIRK, PRICE & GOULTY, | VO LCANIT SE. | | 


ELECTRICAL | AUCTIONEERS, VALUERS HARBURG INDIA-RUBBER COMB COMPANY. 


ARBITRAT { 


» QUEEN ‘VICTORIA STREET, “LONDON, E.C., London Warehouse: F. WINTER, 
And Albert Square, MANCHESTER. 188, LONDON WALL WOOD STREET E.C. 
10N. EBONITE. 


CHEAP PREPAID ADVERTISEMENTS 
Relating to Situations Vacant, Situations Wanted, Businesses | 
Wanted, Businesses for Sale, Patents for Sale, Specific Articles of | 
any kind Wanted, or for Sale or Exchange. 


Three Lines and Under (24 words)... 


: of Wine Casings For Every Additional Line (8 words) ... ... 0s. 6d. 
| 4 4+ Three consecutive Insertions for the Price for Two. 
td This Scale does not apply to Trade Advertisements, terms for whicn } 
om Yellow Deal - -/| 5/4| 6/9 9/6 | 11/10 | 14/7 | 18/8 
American Whitewood | 7/2 | 9/7 | 11/8 | 14/4 | 17/44 | 22/7 | 29/9 | OREMAN REQUIRED.—None but good men need apply.— | 
Lonpon Batrrery Company, Limirep, 132, Southwark } 
List of Bections, with Prices and Discounts, in all Woods | Street. 8.E. sue | 
on application. ELEPHONE OR TELEGRAPH WIREMEN.— Several ‘ 
‘ . Mahogany and Timber Importers, Importers of School Board Flooring Blocks, Figured experienced Foremen and Wiremen required immediately | i 
xi Wainscot Floorings, and Manufacturers of High-Class Mouldings in all woods. for Scotland. State experience and wages reguired to No. 90a, | j 
’ _ Head Office: 214, PAVILION ROAD, SLOANE SQUARE, 8.W. | ‘eorge Street, Edinburgh. sos! i 
Mills: Stanley Bri Ki Road, 
son LECTRICAL ENGINEER, with practical manufacturing | 


.and good business experience, will shortly be open for re- 
engagement as Manager or Assistant Manager of electrical | 
business ; salary £300.—Apply, No. 3,399, Office of this Paper. a3. | 


CONTRACTORS TO H.M. GOVERNMENT. LECTRICAL ENGINEER, having been articled with good | 
firm, is willing to join any firm at small salary. Good | ' 
ATA GARNI references.—“ S.,” Office of this paper. 3385 
In Lumps, Granulated for Batteries, and Finely Powdered, in LECTRICAL ENGINEER.—Eleven years’ practical expe- k 
all qualities for all purposes. J rience in lighting steamships, collieries, mills, &c., both are | j 
and incandescent; 6 years in last situation, 5 years in present . 
cA HR INT one. Good draughtsman, designer and estimator. Excellent 


e In Lumps, Crushed for Batteries, Free from Dust and Finely ! references. Moderate salary. — 3,388, Execrrican Review 
ER Powdered. Also 


PURE SULPHATE AND BORATE OF MANGANESE. RACTICAL ELECTRICAL ENGINEER requires situation. 


Eight years’ experience. Willing to go abroad. Moderate 


i. SAMPLES AND PRICES— salary. References to former employers.—3,360, ELECTRICAL i 
Ss. G BAILEY & CoO., Office 
Manganese Wine Owners and Grinders, 2715 to take entire 
charge of ins lon work, seeks an Engagement abro 
STAFFORD MILLS, STROUD, GLOUCESTER. = gpeaks French.—Address “ G. S.,” 17, Hanover Street, Islington, 
London. 


LECTRICAL ENGINEER with considerable experience in j 


| managing and erecting dynamos, in the fitting up of are 
ul | and incandescent lamp circuits, both in England and abroad and | ii 
§. on vessels, wishes to find employment, or would join a well- | i] 
KE established firm as working partner. First-class references.— 
Apply by letter to “ Enainegr,” care of Messrs. Ravenscroft, 
Before Purchasing a Dynamo send for a List of Hills and Woodward, 15, John Street, Bedford Row, London, we C. 
Prices and References to RINER WANTED, in established electric and steam nook | 
_P. H. ROYCE & Co., Cooke St., Hulme, Manchester. works. Electrician with small capital and knowledge of 
d. AS SUPPLIED TO THE CUNARD ROYAL MAIL STEAMSHIP CO. Sate motors desired.—Address 3,380, Execrrican Rrevigw | 
3 Agent for London and 54 miles radius: THE ACME ELECTRIC WORKS. 264 = = __J | 
[Continued on next Page. | 


/ | [=== GLOBE CARBON co., 


OF CLEVELAND. U.S.A., 


Go ‘Have appointed the STANDARD TIME COMPANY, LTD., AGENTS for the EXCLUSIVE SALE of their 
! | CELEBRATED MOULDED CARBONS IN ALL SIZES. 
ad Coqpamets can obtain Samples and Prices in large or small quantities on Application to the MANAGER 
; of the COMPANY, 19 & 21, Queen Victoria Street, E.C. 32740 ° 
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ARTNERSHIP.—A well-known electrical engineer of exten- 
sive experience wishes to meet with a partner prepared to 
invest from £10,000 to £15,000 in starting a manufacturing 
business. A gentleman of influence who would take an active 


part in carrying on the business preferred. Principals or their 
solicitors only treated with—Apply to Mr. H. ALapasTzR, 
Exxcrricat Review office. 2403 


ANKS.—15 wrought iron circular core tanks, in good con- 
dition for sale. Sites, 6 feet and 7 feet diameter, and from 
3 to 4 a dcep.—Apply to W. F. Dennis & Co., 11, Billiter 


‘Street, E 3387, 


IST of Second-hand Dynamos and other goods for sale; post 
free from J. W. Kina, 13, St. John’s Sq., London, E.C. 3310 


ANTED, Two Alternate Dynamos, at 200 ampéres, 50 volts, 
with separate exciters——Joun C. Lawson, St. Helen’s 
Works, Plaistow, Essex. 3286, 


EFORE ORDERING Electrical Plant and Accessories, 

Write for Pamphlets to the Untrep ExectricaL ENGINEER- 

inc Company, Limitep: “Electrical Distribution,” ‘Machine 
Driving by Electricity,” “‘The Telpher System of Cheap Trans- 
port,” and “ Electrical Supplies.” —68, Victoria St., Westminster. 


GEORGE HERIOT’S TRUST. 


HERIOT-WATT COLLEGE, EDINBURGH. 


Professorship of Physics and Electrical Engineering. 


Ses GOVERNORS having resolved to sp int a Professor of 
Physics and Electrical Engineering be glad to receive 
applications from Candidates for “the ‘A Written 
applications, accompanied by 30 copies of Testimonials, should be 
sent to the Treasurer of George Heriot’s Trust on or before 
20th January, 1890. 

The Salary of the Professor is £400 per annum. Enquiries as 
to the duties of the Professorship should be addressed to Principal 
Oattvix, at the Heriot-Watt College. Candidates are reques 
to abstain from calling on the Governors unless they are invited 


ANTED.—Nos. 530, 547, and 549 (vol. xxii), ELecTrRricaL 
Review.—Offers to No. 3,400, Etecrricat Review office, 
22, Paternoster Row, London. 3100 


NSTRUCTIONS FOR THE LAYING AND JOINTING 

OF UNDERGROUND ELECTRIC CABLES.” — Pro 

fusely Ilustrated.—Translated from the French of Dr. Francois 

Borel.’ The Kinztic Enoinerrine Co., 26, Norfolk Stzoet 
London, W. C. 62 


NSULATED ELECTRICAL WIRE, Silk, Cotton, or India- 
Rubber Covered. Conductivity guaranteed. German silver 
Wires for Resistance. Braided Handle Cord, Silk Cord for Elec- 
tric Bells, &¢.—Wi.ttam Rickarp, Derby. London Agent (stock 
kept), Epwin Hottoway, 2, Gutter Lane, E.C. 1132 


THIRD EDITION, WITH LARGE ADDITIONS. 


THIS DAY, Crown 8ro, 400 Pages, with 145 Illustrations, 7s. 6d., Cloth 
(Post Free). 


ELECTRIC LIGHT: 


ITS PRODUCTION AND USE. 


Embo¢ ying Plain Direct for the Treat t of Dynamo-Electric Machines, 
Batteries, Accumulators, and Electric Lamps. 


By JOHN W. URQUHART, Electrician 


(Author of “ Electro-Plating, “ Electro-Typing,” &c.). 


3104 


London : CROSBY LOCKWOOD & SON, 7, Stationers’ Hail Court, E.C. 


GOA HR 
H. & F. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Taubes, Filters, 
Cells and Battery Plates of every description. 


WorREKs: BARNSLEY. 


Telegraphic Address:—“CARBON BARNSLEY.” 3398 


ELECTRIC. TELEPHONES, &e. 


Guaranteed free from Reli- 
able and Cheapest on the Market. Prices 
fre m 148, euch, subject to large Trade discount. 

Our PATENT PENDULUM Indicators are 
Adjustable, Simple, exceedingly Cheap, ard 
give greut satirfactiou. Stumpipgs to any 
pattern at low prices forcash, rice Lists free, 
and special terms to Merchants wod Shippers. 


BAUGHAN & CO., 
Manufacturing Electricians, 
3322 


to do so. 
DAVID LEWIS, Treasurer. 
Treasurer’s Chambers 
20, York Place, Edinburgh, 20th December, 1889. $406 


FOR 
Organ Blowers, 
Turnip Choppers, 
) Ordinary Machinery, 
re A FRotary Fans, 
| we Sewing Machines, 


TO WORK ON ELECTRIC LIGHT CIRCUITS 


DYNAMOS 
FOR 


LIGHTING & 


CUTTRISS & CO., Leeds. 
SELIG, SONNENTHAL & Co., 


SOLE AGENTS FOR 
PATENT 


BRAIDING & WINDING 
MACHINES 


(Single, Double and Treble), 
FOR COVERING 


TELEPHONE, TELEGRAPH AND 
ELECTRIC LIGHT WIRES. 


85, QUEEN VICTORIA 8ST 
AND 
LAMBETH HILL, 
LONDOW, BS. 


ELECTRICAL REVIEW. 


INDINGS AND CASES.—Subscribers and others can kav: 

their half-yearly numbers bound handsomely in Black 

Cloth at the rate of 3s. 6d. per volume. Cases for binding are 
also supplied at 2s. 6d. each.—22, ParzrnostER Row, Lonpon. 


LEA’sS PATE: GLOBES. 


DUST PROOF, PERFECT LIGHT, EASILY HANDLED, NO LOOSE SCREWS, 


The Globe has an Elastic Metallic Connection with the Cover, and can be removed or replaced instantaneously. 
NO METALLIC RIM TO OBSTRUCT THE LIGHT. 
THE GLOBES CAN BE SUPPLIED PERFECTLY WATERTIGHT. 


FOWLER, LANCASTER & CO., 


Electrical Engineers, Manufacturers of all Fittings for Electrical and Telegraphic Contractors, 


BIRMINGHAMDI. 
A SAMPLE GLOBE WILL BE SENT ON APPROVAL. 063 


SOLE MANUFACTURERS. 
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IS NOW AT PRESS. 


TH Ope 
ANNUAL PUBLICATION OF 


BERLY’S ELECTRICAL 


PRICE 6s. 
THE OLDEST, AND “PAR EXCELLENCE” THE LEADING ELECTRICAL TRADES DIRECTORY. 


A FACT WHICH SPEAKS FOR ITSELF :—40 Per Cent of the Advertisements which 
will appear in the 1890 sook are repeat orders from eminent electrical firms, for the 8th 
and 9th consecutive year. 
ORDERS FOR ADVERTISEMENTS, BOOKS, AND ENTRIES IN THE CLASSIFIED TRADES SHOULD BE 


we FORWARDED AT ONCE 
Wm. DAWSON & SONS, 148 & 149, Upper Thames St., London, E.C., 


JUST PUBLISHED. In Pocket-book Form with Illustrations. Cloth 2s. 


PRACTICAL ELECTRICAL NOTES AND DEFINITIONS 


FOR THE USE OF ENGINEERING STUDENTS AND PRACTICAL MEN. 
By W. PERREN MAYCOCK, A.M.1.E.E., Instructor in Electr:.cal Engineering at the Pitlake Institute, Croydon. 
Together with the Rules and Regulations to be observed in Electrical Installation work, as issued by the Institution of Electrical Engineers and the Phenix Fire Office 
& N. SPOON, 125, Strand, LONDON... NEW 12, Cortiandt Street. 3314 


ASPINALL’S ENAMEL. 


COPY OF LETTER JUST RECEIVED AT NEW CROSS. 
A LEADING AND WELL-KNOWN ELECTRICIAN WRITES: 


“ Having used your ENAMEL considerably for various purposes, I find that it has GOOD INSULATING 
PROPERTIES FOR ELECTRICAL WORK, being much better than the usual Insulating Compounds in use, 
which do not give such an appearance or finish as your ENAMEL.” 


SOLD EVERYWHERE, in Tins; or Post Free, 7d., 1s. 6d., and 8s. ; for BATHS, 9d., 1s. 9d., and 3s, 6d. from Works, LONDON, S.E. 
REJECT WORTHLESS IMITATIONS. 


INSULATOR. 


FELTEN & GUILLEAUME’S 


(CARLSWERK, MULHEIM-ON-RHINE) 


PATENT TELEPHONE CABLE, 


FREE FROM! INDUCTION. 


This Cable, wherever it has been used, has met with unqualified success. Messrs. FELTEn anp 
Gumzavume’s Anti-Induction Cable is used in the Mersey Tunnel, and has given complete 
satisfaction. Full particulars upon application. 


CONTRACTORS TO NEARLY EVERY GOVERNMENT IN THE WORLD. 


AGENTS: 


W.F. DENNIS & Co., 11, Billiter Street, London, E.C. 
AND 28, STRAND STREET, LIVERPOOL. 
STORES: MILLWALL LONDON, £. 1948 
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THE JUUENAL AND REVIEW SUPPLEMENT. 


WALSALL ELECTRICAL WALSALL. 


CEILING PLATE 
= and 
BALANCE WEIGHT, 

45s, per dozen, 


Deceembet 27, 1889. 


vor \ 


GUARANTEED CORRECT. 
Diwided into Tenths. 
10 § OF 
‘SOP 


THE 


Specially suited for Testing the Conditions of Accumulators. 


IMPROVED, 
LARGER SCALE, 
NEARLY DEAD BEAT. 


SOLID LEATHER CASES, WITH SLING STRAP, 10s, EXTRA. 


New Patent 
CEILING ROSE. 


As arent their use nnd Secondary Batteries, Mr. W. H. Preece writes: 
WIMBLEDON, 22nd February, 1888. 
To THE WatsaLtL Co. 

Gentlemen,—I have calibrated your Voltmeter, and find it 
very exact. It is now in regular use in my Battery room, and 
proves to be of great service. No Secondary Battery Installa- 
tion should be without one. It supplies a real want. 


NEW PUSH SWITCH. 


Press Once to Light the 
Lamp, which is Extinguished 
by a Second Push. 


PPRESSEL SWITCH, 
OS, 


Pressing the Button 

alternately Lights and 

Extinguishes a Lamp, or 
group. 


Yours very truly, 
(Signed) W. H. PREECE. 


AMMETER 


(COMPANION TO THE ABOVE), 


4. AMPS. IN TENTHS, 


42s. 
CUT- OUTS, SWITCHES, 


&e., 
NEW LIST ON APPLICATION. 


PRESSEL SWITCH, 


dS. 


Pressing the Button 
alternately Lights and 
Extinguishes a Lamp, or 
group. 
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THE FOWLER-WARING CABLES 


85, QUEEN STREET, CHEAPSIDE, LONDON, E.C. 


Sole Manufacturers 


LEAD- COVERED ‘CABLES, 


UNDER THE COMPANY'S PATENTS, 
FOR TELEPHONE, TELEGRAPH, ELECTRIC LIGHT, 


TRANSMISSION OF POWDER, 
And Underground Installations of ewery kind. 


SPECIAL ANTI- “ENDUCTION TELEPHONE CABLES. 


STEAM DOCKS, 
CHEMICAL WORKS, 
FACTORIES, MINES, 


UNAFFECTED BY HEAT, 
MECHANICAL STRENGTH, 
HIGH INSULATION, 
LOW CAPACITY. 


PARIS BXHiBItTiIon. 


GOLD MEDAL, ANTAN 
64-Wire Anti-Induction Telephone. 


REFERENCES AND PARTICULARS ON APPLICATION. 


TELEPHONES 


FOR EXPORT TO ALL PARTS OF THE WORLD. 


CONSOLIDATED TELEPHONE CONSTRUCTION AND 


MAINTENANCE CO., LIMITED, 
OF No. 109, FARRINGDON ROAD, LONDON, EC., 


Are the SOLE LICENSED MANUFAC- 
TURERS of TELEPHONES for Export and 
for use in the United Kingdom, under 
LICENSE granted to the Company by the 
UNITED TELEPHONE CoO. of London 
(now the NATIONAL TELEPHONE CoO.) 

NO TELEPHONES can be manufactured 
by any person or Company (other than 
the CONSOLIDATED TELEPHONE CO.) 
in the United Kingdom, and the said Com- 
pany offer a substantial reward for suffi- 
cient evidence as will enable proceedings 
to be taken against infringers of these rights. 


CATALOGUES AND PRICE LISTS ARE TO BE HAD 
FREE ON APPLICATION. 


THE CONSOLIDATED TELE- 
PHONE CO. is prepared to supply 
the celebrated SIMPLEX ARC LAMP, 
which burns with great brilliancy and 
steadiness in parallel circuits. 

Sizes 5 Ampéres Upwards, 


DAMP PLACES, &c. 
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WESTERN ELECTRIC CO. 


TELEPHONIC APPARATUS. 
ARC LAMPS AND DYNAMOS. 
PATTERSON CABLES FOR TELEPHONES, TELEGRAPHS AND ELECTRIC LIGHT. 


79, COLEMAN STREET, LONDON, E.C. 
CHICAGO, NEW YORK AND ANTWERP. rs 


We are issuing a New and Enlarged Catalogue for 1890, 


containing a large amount of Information and Prices of 
Electrical Apparatus of our Manufacture. The Catalogue 


will be priced 2s. 6d., but will be sent free to the Trade. 
Application should be made at once by all wishing for a 


Copy. A new edition of the Pocket Price List with useful 


formule, Price 1s., will be be issued shortly. 


CO., 
MANSION HOUSE BUILDINGS, LONDON, E.C. 


AND 
ARC WORKS, CHELMSFORD. 


WESTINGHOUSE ELECTRIC Co, 


LIMITED, 


4, VICTORIA MANSIONS, 382, VICTORIA STREET, S.W. 
MANUFACTURERS OF 


LIGHTING APPARATUS 


For CENTRAL STATIONS & ISOLATED PLANTS. 


ESTIMATES ON APPLICATION. sues 
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Oil Refiners, 
36, SOUTHWARK STREET, 


LONDON. 
Works:—EWER STREET, 


TELEPHONE No. 47%. 


PATENT 


OTL CUP 


With VisibleDrop Feed. 


ONLY OIL used last three years by the largest 
Electric Installations in London, 
Samples sent on application. 


SUCCESS GUARANTEED. TRIAL SOLICITED. 


Price 2s. 9d. per Gallon. 


Our Oil is now recommended by the principal 
Electricians, and is also suitable for 


SHAFTING, ENGINES, 
AND GENERAL PURPOSES. 2927 


For use on Dynamos and 
High-Speed Engines. 


EREDERICERK SMITE Cco., 


CALEDONIA WORKS, HALIFAX. 
Contractors to Her Majesty's Government & Railway Companies 


BHST REFINED THLEPHONEH WIRE. 
PATENT GALVANISED TELEGRAPH WIRE. 
100 Ib. COILS, HIGH CONDUCTIVITY. 


SPECIALITY :—TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 


COPPER WIRE, hard drawn, high conductivity—long lengths. COPPER WIRE and TAPE for 
Lightning Conductors, &c. COPPER WIRE, all sizes for covering. STRAND WIRE all kinds. 
GALVANISED HARD STEEL STRAND for Mechanical Telephones. 1354 


MICA. 


F. WIGGINS & SONS, LONDON, 
MICA [ Telephone No. 2248, 


Manufacturers of Mica Goods for Philosophical and ALL purposes 
CONTRACTORS TO HER MAJESTY’S GOVERNMENT. 


= NEW AND CHEAP PATENT LAW. 


166, FLEET STREET, 
ONDON. 


SUCCESSOR TO 
Messrs. Ropertson, Brooman & Co. 
Pamphlet of Costs Gratis. 
| Thirty-five Years’ special practice with 


STREET 


PATENT OFFIGE 
iNVENTIONS 
ProrecTso sy 


i Provisional Protection (9 months 
£4 4s. Full Patent (4 years) 


£16 16s. 


ARTHUR B. GILL & Co., 
Glectric Zight and General Gugineers, 
4, BOMBAY STREET, BERMONDSEY, LONDON, S.E. 


Sole Makers of GILL’S PATENT MAIN SWITCHES, which are practically 
everlasting. No sparking on the actual contact pieces. These switches improve 
with using. Makers of the “GILL” DYNAMO AND MOTOR, which are un- 
equalled for cheapness and efficiency. SUPPLIERS OF ALL ELECTRICAL 
REQUISITES. LIBERAL TRADE TERMS. 


Telegraphic Address: “ TORQUE.” 2949 


| i — Wm. M. FOXCROFT 
PATENT OFFICE. (Successor to the late W. Forcroft, also F. Lucas), 
Tt /H. GARDNER, | Telegraph and Telephone Case Manufacturer, 


36, PEROIVAL STREET AND 9, SMITH STREET, 


CLERKENWELL, LONDON, E.C. 
(Oflces-PERCIVAL STREET). 


Lock and Block, Single Needle, Bell, Sounder, Perforator, 
Photometer, Telephone Cases, Battery Boxes, &., &c. 


PRIZE MEDALS, LONDON, 1851; PARIS, 1881. 201 


IvOoORY LETTERING BY PATENTED PROCESS. 
_ Address Tables. | PERMANENT 2 PERFECT 
| LETTERING ON IVORY 


Labels, | For all Scientific and Mercantile Purposes 


Supplied to H. M. Government Offices, and the 


Principal Electric, Telegraph, Telephone, and Gat 
IVORY Engineers and Railway Companies in the Kingdom. 


Tablets. THE ENDOLITHIC IVORY CO.. 


Lettered & POMONA BUILDINGS, FORE STREET, E.C. 
for all purposes. (Adjoining Moorgate Street Station). 2836 
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RUSTON, PROCTOR CO., 


LIMITED. 


Works, LINCOLN & LONDO 


IN. FUEL 


ECONOMY 


SELF-CONTAINED COMPOUND ENGINE, ALSO WITH CCNDENSER AND CORLISS GEAR. 


MANUFACTURERS OF 
CORNISH & LANCASHIRE BOILERS, WITH WELDED AND FLANGED FLUES 
LOCOMOTIVE, CYLINDRICAL & VERTICAL TUBULAR BOILERS 


FOR HIGH WORKING PRESSURES. 
SPECIAL DESIGNS FOR RESTRICTED GROUND SPACE. ais 


j 
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SLATE hy! 5ampere- - 4s. 4d. each. 


NO WORKING PARTS UNDER THE BASE. 


APPLETON, BURBEY & WILLIAMSON, 91, Queen Victoria STREET, LONDON. 


Telephone No. 1954. 


ERNEST SCOTT & CO, 


NEWCASTLE-ON-TYNE, 


ELECTRICAL AND GENERAL ENGINEERS. 
TYNE DYNAMOS, 


TYNE ARC LAMPS, 
TYNE TRANSFORMERS. 


— 


Com lete Installations erected by experienced men at E 
home and abroad. 


SPECIAL TERMS TO THE TRADE. 


Complete Catalogue on application. 


SUNBEAM LAMP CO. 


LIMITED, 


GATESHEAD-On EE. 
aire INFRINGE No 


THE WHOLE OF THE 
FIVE COURTS 
OF THE RECENT 


SOLE MAKERS 


NEWCASTLE 
INCANDESCENT EXHIBITION 
Were Lighted with 
SUNBEAM 
PRIGES AND PARTICULARS ‘V7 LAMPS, 


ON APPLICATION. 


RECEIVING 


SILVER MEDAL, 


1,600 C.P. HIGHEST AWARD. 


Telegraphic Address: 
“SUNBEAM, GATESHEAD." 200 C.P, 


| 
LOW RESISTANCH, 
1918 
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AND CO. . 
DYNAMOS Electro-Plating, 
For Incandescent or Are Transmission Of Power, 
&e, 


HALIFA X, 


ENGLAND 


WORKS: ABBEY MILLS CHEMICAL WORKS, STRATFORD. 
PENTREPOTH CHEMICAL WORKS, MORRISTON,wesx SWANSEA. 
OFFICES: 1. FENCHURCH AVENUE. LONDON. 


THOMAS BARRACLOUGH & CO., 


Makers of all the most Improved Machinery for Electric Wire ana 


Strand Covering, Lapping, Taping, Braiding, ¥<., 
ALSO FOR 


STRANDING AND MAKING OF EVERY SIZE AND DESCRIPTION. 


Globe Works, Rochdale Road, Manchester. 1960 


FINEST AMERICAN DYNAMO OIL 


(HOLMESDALE BRAND) 


ls. 9d. PER GALLON. 
JOHN FRENCH & CO., 


SOLE AGENTS, 
69, COMMERCIAL ST., LONDON, E. 


STIFF & SONS, 


LAMBETH, LONDON, 
4 MANUFACTURERS OF 
PLUMBAGO CRUCIBLES, 


Testimonials show 30 to 50 meltings each. 


STONEWARE INSULATORS, 
SWITCH BLOCKS, FUSE BLOCKS, 


Vitrified Tubes for Electric Wires, Porous Cells, Battery Jars. 
Every kind of Electrical Stoneware. 


AWARDS:—PARIS AND VIENNA ELECTRICAL EXHIBITIONS. 
1048 


MANUFACTURERS OF 


“and foc’ export. 
20 BUCKLERSBURY.Lonion 


BRASS, GUN ME AL, 


PHOSPHOR BRONZE 


CASTINGS 
x NGOTS. 


J.&J. HUGHES, 


ALBION METAL WORKS, 
WOODCOCK STREET, 
BIRMINGHAM. 


Telegrams: “Bronze,” Birmingham. 


THE “FAIR-LIGHT” ELECTRICAL 
COMBINATION. 


mp 
Atted ‘A. THORPE’ hin mpre 
liqu wid f or 1ometer, or Match Bux 
cun be subs! tituted when desired’ 


H. rT H ORPE, 
Work¢: 34, EAGLE STREET, 
Office: 59, THEOBALD’S ROAD, W.C. 


Iusulated Wire and Cables 
of every description for i 
Electrical Instruments, 
Dynamo Machines, Electric £ = 
Bella, Telephones, Electric 
Lighting, &c., &. 


UNITED ELECTRIC WIRE Co., 


14a, Clerkenwell Green. London, E.C. 1730 
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Manufacturers of Ancandescent Electric Lamps 


Of all Voltages and Candle-Powers. 


ALSO SUPERIOR ELECTRICAL FITTINGS AND INSTRUMENTS OF ALL KINDS. 
Quotations given for BEST WORK ONLY. 
Factory: PONDER’S END, MIDDLESEX. 
Show Rooms: 50, PARLIAMENT ST., LONDON, S.W. 
For all information apply to 
THE SHCORETARY, 100, VICTORIA ST., LONDON, S.w. 
) Telegraphic Addresses: “Ediswan,” London “Ediswan,” Ponder’s End. Telephone No. 3146, si22 


MOTORS 


Actuated by STEAM, WATER, HOT AIR, PETROLEUM OIL, &c. 


FOR ELECTRIC LIGHT INSTALLATIONS, INDUSTRIAL, DOMESTIC AND STABLE MACHINERY: WATER RAISING &c., &c. 


“ n j BAILEY’S PATENT HAAG’S PATENT 
BAILEY-FRIEDRICH” SAFETY STEAM MOTORS. HOT-AIR ENGINE. HIGH-SPEED STEAM ENGINE. 
Inexplosible Steady-Running, and Portable. Consumes 2 quarts of water per H.P. per day only, 


HAAGS’ PATENT HAAG’S PATENT BAILEY’S PATENT BAILEY’S PATENT BAILEY’S PATENT 
WATER MOTOR. HIGH-PRESSURE WATER MOTOR. = “THIRLMERE” WATER MOTOR. = HYDRAULIC ORGAN BLOWER WATER MOTOR PUMPING ENGINE. 
May be driven by Town’s For use in Mines, and places Much used for Telephones, Dyna- OR WATER ENGINE. For Lifting a portion of the water 
Pressure or other available where high water pressures mos, and small installationsofthe Mostly used for driving the which drives the Engine to a 
water supply. are available. Electric Light. Feeders of Pipe Organs. higher elevation. 


JUST PUBLISHED.—“ BAILEY’S MOTORS,” an Illustrated Catalogue of the various Motors manufactured by W.H.B.§ Co. Post Free, 1s. 


W. H. BAILEY & Ltd., Manchester. 


3070 


W. T. HENLEY'’S TELEGRAPH WORKS | 


COMPANY, LIMITED. 
Offices:—27, Martin’s Lane, Cannon Street, London E.C. 


TKLEPHONE No, 1,734, WORKS :—NORTH WOOLWICH. 


Manufacturers of 
SUBMARINE CABLES, 
Patent Metallic Braiding, 
TELEPHONE CABLES, 


DYNAMO WIRE 
Silk Covered Wire, 


FLEXIBLE CORDS, 
AND 


ELECTRIC LIGHT CABLES. 


a & LIMITED. é 
= 
| 7 
ELEOTRIO LIGHT. 
| 
| 
TELEGRAPH. TORPEDO. 
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PHOSPHOR BRONZE 
CASTINGS, Patent 


Phosphor Bronze 

for Springs, Ropes, Screws, Wire of Great Tensile Strength 
Rods, Sheets, &c., Bearings, Bushes, “aD. and High Conductivity for Telephone 
and other wearing parts | and Telegraph Lines & other 

of Machinery 


THE PHOSPHOR BRONZE €0,, 


LIMITED, 


87, Sumner Street, Southwark, London, §8.E. 


BEWARE OF SPURIOUS IMITATIONS, FALSE REPRESENTATIONS, AND INFRINGEMENTS OF OUR PATENT RIGHTS. 


ROBEY & CO.’S 
Electric Enzvines 


COUPLED COMPOUND HORIZONTAL FIXED ENGINE, WITdA 
PATENT TRIP GEAR. 


7 PMR WiGH-SPEED ENGINE (BOTH VERTICAL AND HORIZONTAL) 
AND DYNAMO. 


— 
— 
And all HKilecirical Purposes. 
— Patent 
— 
— 
1 
— 
i 
7 C Of the British and Colonial Patents, | 
& 
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DORMAN AND SMITH, gag 
MANUFACTURERS 
To all the Principal -Contractors. 
ij) 

STREET, MANCHESTER. } 
ENGLAND \ 

The names of Advertisers, whose announcements are ordered Sor a series, are entered under any one Heading in this 
Index free of charge ; but if repeated under other headings, 6d, per week is charged for each additional entry. 
Accumulators. pace | Electrical Engineers, &c.—Cont. PAGE 
1 Drake & Gorham ... ... Telegraph Mfg. Co. «.» Sup. 2 | Manufacturing Electricians.—Cont. 

Electrical Power StorageCo ... 14 Western Electric Company Sup. 12 H. Tho coro eee 

J. Stiff & Sons (Boxesonly) ... 6 Westinghouse Electric Co. Sup. 12 Walsall Electrical Company Sup. 10 
Are Lamps. Woodhouse & Rawson United ... 11 Woodhouse & Rawson United ... 11 

J. H. & Oo. ... ... Sup. 7 | Electric Light. Mica.—F. Wiggins & Sons 

Johnson & Phillips Anglo-American Brush Corp.10& Sup.3 | Motors.—Cuttriss & Co. Sup. 8 

J. & W. Roper ia a sit. oll Bernstein Electric Lamp Co. ... 12 Giilcher Electric Light & P. Co. 138 

Simplex... Sup. 15 Edmundsons, Limited (Swan) ... Hyde Park Electric Works 12 

Statter & Co. Electrical Power Storage Co. ... 14 M. Immisch 
Asbestos.—Bell’s Asbestos Co. 16, 17 India-Rubber,G. P.&Tel.Wks.Co. Sup. : Stephens, Smith & ‘Co. -_ in 
Auctioneers and Valuers yy Johnson & P hillips .. ee eee Patent Agents. 

Wheatley Kirk, Price & Goulty Sup. 7 Laurence, Paris & Scott 19 & ove Sup. 2 
Batteries. Maxim-Weston Electric Co. eve 12 Gardner eee eee eee eee 3 

India-rubber, G.P. & Tel. Wks. Co. 20 Thomson-Houston ... ... Sup. 4 Poles ‘(Wood and iron). 

Johnson & Philli 1 | Electric Light Carbons. Johnson & Phillips ma 

Telegraph Mfg. Co. oe «= Sup. 2 Anglo-American Brush Corp. 10 & Sup.3 at Appliances. 

Battery Jars H. & F. Chamberlain -» Sup. 8 Dorman & Smith ... ove me 2 

J. fourne & Ben 13 Genl. Elec. Co., Ld, (G. Binswanger.) Sup. 6 Genl. Elec. Co., Ld. (G. Binswanger.) Sup. 6 

« Globe Carbon Co. ... 7 Taylor, Tunnicliff & Co. 

J. Stiff & Gene Johnson & Phillips | Wood & Co. 
Bells. Lacombe & Co. ... Sup. 2 | Porous Cells.—J. Stiff & Sons ... 6 

Genl. Elec. Co., Ld. G. Binswanger.) Sup. 6 Woodhouse & Rawson United oo Al Pulleys, Shofting, &e. 

Sheppard, Allarton & Madeley ... Electric Light Fittings. arpers, 1B 
Belting.—_Webb& Son... Appleton, Burbey & Williemecn ... J. Jardine ... 
Bollors.—Ba & Wilcox Co 15 Dorman & Smith ... «ww. 9 G. Richards & Co. . 

Berly’s Electrical Directory Sup. 9 | 

Alabaster Gatehouse & Co. *s List . eri ons eee eee eee Saxby & Farmer eee eee eee 10 

? Walsall Electrical Co. ... Sup. 10 | Schools and Classes. 

Practical Electrical Notes Sup. 9 | Enamel. lof Te hy 
Cabinet Work.— Eclipse Works ... 12 As pinall & Co. Sup. 9 legrap eee one 

ngs.—J. & J. Hug oes ove ndolithic Ivory Company - Switches. 

Phosphor Bronze Co. ose «. |3 | Engines for Electric Light. fae sy Burbey & Williamson... 5 
Chemicals. W. H. Bailey & Co. oie a Faraday & Son 10 

S. G. Bailey & Co. ae a f Davey, Paxman & Co. ... ww. 10 Genl. Elec. Co., Ld. ‘(G. Binswanger.) Sup. 6 

F. W. Berk & Co. ... ane oT Greenwood and Batley ... oe Walsall Electrical Co. ... Sup. 10 

Boor & Co. ... Woodhouse & Rawson United ... 11 
Dynamo riestman’s ngine Tel ph 

Gilcher Electric Light & P. Co. 13 ee Sims & Jefferies... ohnson & P hillipe i sax 2 

J. H. Holmes & Co. R y & Co.. 8 Telegraph Mfg. Sup. 2 

uston, Proctor & Co... 4 Telephones. 

Johnson & Phillips... ...  ... 1 Baughan&Co. ... «.. Sup. 8 

Laurence, Paris & Scott ... «an Willans & Robinson oon aes W. Blenheim & Co. — on 

J.&W.Roper... ...... 2 | Fibre.—David Moseley & Sons Consol. Tel. Const. & M. Co. Sup. 15 

F.H. Royee& Co... Sup. 7 | F Electric Telephone Co. ... 

Stanley & Davies ... eee enix Fire Office Stanhope Co. eee one 6 

J.@. Statter&Co. ... ... 15 | Fuel Economisers. Tools. 

Ebonite. F.Green& Son... one Selig, Sonnenthal & Co. ... Sup. 8 

Harburg India Rubber Comb Oc. ome. 7 | Glass Manufacturers. Turbines.—F. Nell ... 

D. Moseley & Sons... Genl. Elec. Co., Ld. (G. Binswanger.) Sup.6 | Warnish,—R. A. Scott ove 

North British Rubber Co. 18 Lam Ebonite). 

ison wan Uni . L. Co. 7 e (covered). 
one Sunbeam Lamp Co. eve vw. Fowler-Waring Cables Co. Sup. 11 
pleton, Burbey & Williamson .... 5 Woodhouse & Rawson United ... 11 W. T. Glover & Co. ove 2 
BLxey, Emmott & Co.,Ltd... 6 | Indla-Rubber. W. T. Henley’s Teleg. Works Co. 7 

Booth, Ellison & Co. os en India Rubber, G. P. & Tel. Wks. wi 20 London Electric Wire Co. Sup. 1 

Callender’s Bitumen Tel. &c.Co. ... 11 D. Moseley & Sons oe Midland Electric Wire Co. ove 

Crompton & Co. ... ... Sup. 12 | insulators, &. Phillips Bros. 

Dorman & Smith ... Bourne & Son ove ee 13 W. Rickard .. ove Sup. 8 

Drake & Gorham ... Price, Sons & Co... Telegraph Mfg. Co. «Sup. 2 

Electric Traction Co. ae ae 2 Stiff & Sons... ee eee ove 6 United Electric Wire Co... ove 6 

Elliott Bros. ont . 2 Telegraph Mfg. Co. oe §«=Sup. 2 Woodhouse & Rawson United ... 11 

W.T.Goolden&Co. Lubricants. Wire (uncovered). 

India-rubber & Telegraph Works J.French& Co. ... Davis& Timmins... .. «. 18 
Johnson & Phillips W.H.Willoox&Co .. 38 Felten & Guilleaume .. 

Laing, Wharton & Sup. 4 Electricians. Ramsden,Camm&Co. ... 13 

Laurence, Paris & Scott . ce ae Elliott eee Sup. 2 F. Smith & Co. soe eee eee 3 

Manville & Madgen Fowler &Co. ... one, 8 | Wire Covering Machinery. 

Paterson & Cooper ove T. Barraclough &Co. —... 6 

Rashleigh Phipps yo Dawson ... 10 A.B.Gill&Co. .. «.. «. 8 | Wood Casings.—S. Elliott ... 

Poole & White... sien King, Mendham & Co. ... Genl. Elec. Co., Ld. (@. Binswanger.) Sup. G 

Reid Bros. .. Laurence, Paris & Scott ... J. F. & G. Harris 

Ernest Scott & Co. ... wa Vigers Bros. Sup. 7 

Stephens, Smith & Co. ... ive Telegraph Mfg. Co. oe «= Sup. 2 Woodhouse & Rawson United ... 11 
MISCELLANEOUS ADVERTISEMENTS relating to Situations, Articles for Sale and Wanted, &c., ¥c., appear on Sup. 7 (middle of paper.) 


' 
i 
| CROMPTON & CO., LIMITED see sur. 12 
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“ 


ELECTRIC LIGHT FITTINGS. 


NOTE.—Faraday & Son’s experience, in the manufacture of Fittings for 
Incandescent Lighting, dates from the Paris Electrical Exhibition of 214 
1881, when they made the whole of the Electroliers in the Swan Exhibit. orks: 9 0 


INTERLOCKING THE LOCK AND BLOCK. 


The Board of Trade have gain and urged the eS ee the “Lock” and “Block” systems by actual connection i ae 
ments and Lockin, to effect “inter. workin with 8 Automatic Train Actio: tion, Been redaly 
accomplished and fines by Under protection “of various Patents granted of 


Particulars, Plans, and 


SAXBY & FARMER, Signal Contractors Canterbury Road, KILBURN, LONDON, N. 
Manufacturers of Ratiway Signats, Oubins, Interlocking Levers, Block Instruments, and Signal Work of every description, Electrical and Mechanteal. 


DAVEY, PAXMAN & Co., Engineers, COLCHESTER, 


Devote special attention to 
ENGINES AND BOILERS REQUIRED FOR ELECTRIC LIGHT TIONS. 


Telegraph Address:— 3, 
as 
$238 3 Horizontal High Pressure Coupled Compound 
Engine. 12 to 100 H.P. 
Compound Engine. ELE 
8 to 100 H.P, nom, | PARIS EXHIBITION, 1889. 
D. P. & Co.’s Engines are the D. P. & Co. have been awarded 
cheapest, most durable and 2." Two Gold Medals and One Siver Medal 
wost reliable in the market. assesses B§SSSsse5 for their Steam Engines and Boilers. 


COLCHESTER, 


DAYEY, PAXMAN & CO., 
, E.C. 2156 


Lonpon Orrice: 1389, QUEEN VICTORIA 8S 


THE BRUSH ELECTRICAL 


CAPITAL £'750,000. 


This Company has been formed to take over and carry on in all their branches the well-established Works and 
Factories, and the extensive organisations of 


THE ANGLO-AMERICAN BRUSH ELECTRIC LIGHT CORPORATION, LIMITED, 


FALCON ENGINE AND CAR WORKS, Ltd., LOUGHBOROUGH, LEICESTERSHIRE. 


This Company is prepared to receive and execute orders from any part of the world for COMPLETE APPARATUS 

for Central ELECTRIC LIGHT and POWER Installations, for the TRANSMISSION of POWER, for ELECTRIC 

TRACTION, including TRAMWAY CARS, and, generally, for all MACHINERY and APPLIANCES required 
in the various industrial applications of electricity. 3296 


Full Price Lists and Estimates on application to the SECRETARY, 112, Belvedere Road, LAMBETH, LONDON, $.E. 


Telephone No. 3975. Telegrams: “DETECTOR, LONDON.” 


RASHLEIGH PHIPPS DAWSON, 


SHOW Rooms: 53, BERNERS STREET, LONDON, S.W. 


The Best Show of Fittings in London. 


ELECTRIC LIGHT ENGINEERS AND CONTRACTORS. 


Complete Installations or Wiring only carried out promptly. All Work Guaranteed. 
Trade supplied. 


WorRES: WHLLS MEWS, W. saul 


Be 
ad - 
4 
| 
| 
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NOTE THE NEW ADDRESS. 


Sample Rooms & Warehouse: 30, CANNON STREET, E.C. us 


REID BROTHERS, 


12. WHARE ROAD. CITY ROAD. LONDON, WN. 
TELEGRAPH ENGINEERS AND CONTRACTORS 
For the Supplying, Erecting, and Laying Down Under-Ground Wires both for 
TELEGRAPHS AND ELECTRIC LIGHTING 
PNEUMATIC TUBES FITTED WITH ENGINES AND PUMPS COMPLETE. 
MAKERS OF RADCLIFFE’S PATENT ELECTRICAL SIGNAL LOCKING APPARATUS. 


PATENT TELEPHONIC WIRES 
TO PREVENT INDUCTION BOTH FOR UNDER-GROUND AND OVER-HEAD LINES. 


MANUFAOTURERS OF SUBMARINE OABLES, WIRE, IRON POLES, INSTRUMENTS, BATTERIES, INSULATORS AND STORES OF EVERY DESORIPTION 


BITUMEN TELEGRAPH WATERPROOF Co, 


101, Leadenhall Street, LONDON.  elegrams: “CALLENDER, LONDON.” Telephone, No. 4,485, 
LIVERPOOL: 36, Dale Street, 
Works: ERITH, KENT. Telegrams: “CALLENDER, PICARDY.” Telephone, 8,411. 


UNDERGROUND MAINS 
LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. 


LEAD SHEATHED WIRES AND CABLES 


FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. 
Concentric Sheathed. 
ABRIAL CABLES. 1585 


| | 
| 
| 
DEO Offices: 88, Queen Victoria St., London, E.C. a 
Contracts entered into for the Supply, Construction, and Maintenance of Telegraph Lines. 200 
| 
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Switches, 
CUT-OUTS. 


Telegraphic Address: 
“ PLATESSA, LONDON.” 


CABLES AND WIRES, 
Incandescent Lamps & Lamp-Holders, 
MEASURING INSTRUMENTS, 
Scientific and Laboratory Instruments, 
DYNAMOS, ENGINES, BOILERS, 
A COMPLETE ELECTRIC PLANT. 


SWITCHES—IM PORTANT. 
B. WERITY & SONS, 


6,500 SWITCHES iN Ss Tock. 


3,500 3-LIGHT SWITCHES) = = 


LORD CRAWFORD, 


2,000 6-LIGHT SWITCHESS 


These Switches are used in most of the principal installations in this country. oa18 


CEE WEIC ALS. 


ALL KINDS FOR ELECTRICAL WORK, and also for INDIA-RUBBER & GUTTA-PERCHA MANUFACT URERS, 


Supplied and Shipped at shortest motice by 


G. BOOR & Co., 1 & 2, Artillery Lane, Bishopsgate, LONDON, E.C. 


CONTRACTORS TO THE POST OFFICE, WAR OFFICE, ADMIRALTY, INDIA AND NEW ZEALAND OFFICES AND LEADING TELEGRAPH COS, 


ELECTRIC LIGHTING. BOOTH, ELLSON & Co., 
Civil and Glectrical Gngineers, 


THE MAXIM-WESTON ELECTRIC 00., Ltd, STREET. MELBOURNE, AUSTRALIA. 


The above Firm undertakes Commissions and Agencies for the 


(Under How Management), Australasian Colonies. 
Are prepared to supply Estimates free of charge for Electric Telegraphic Address: “FARAD MELBOURNE.” 2604 
London Address (Letters only), care of ANTONY GIBBS & SONS, 14, Bishopsgate St., E.C 


Lighting, Transmission of Power, including Electrical Tramways, 
and forthe Wiring of Buildings supplied from central stations. 


Patent Dynanoe and Are Lace; | THR BERNSTEIN ELECTRIC LAMP CO., 


Hamilton’s Patent Electric Governors; Electric Regulators ; 


Automatic Controlling Apparatus and System for Central Station G@IMITED), 
Distribution ; Ceiling Switches, Cut-outs, and all accessories. 2, MARLBOROUGH MANSIONS, VICTORIA ST., LONDON, SW. 
VICTORIA STREET. WESTMINSTER. | OWNERS ofthe BERESTEIN SYSTEM of ELECTRIC LIGHTING 


.. Works: KINGSLAND GREEN, LONDON. 3132 


te Ao 6@ The lamps of this Company are of low resistance, and 
CAMPBELL, entirely free from the claims of other companies. 120 


ELECTRO-MAGNETIC MACHINE TOOLS. 
CASE WORKS, 


5, PHCENIX PLACE, 
COLDBATH FIELDS, LONDON, W.C., 


MANUFACTURERS OF 


D ¥Y¥NAMOS. 
Make:s Dynamos, for Incandescent and Arc and Ship 
tro-Plating, Charging Accumulators and Generators for Motors 


ELEcCTRO-MoToRs 
For Machine Tools, Tramcars, Launch Hoists, Haul: Pum Windin, 
Veatilating, Mining, and ving, 


ARC LAMPS. 
Manufacturers of the “CAMPBELL” aad other Arc Lamps, 


pty BY Ships, ‘tuwns, &c., &c. Men seut to all parts of the country. \ BY MACHINERY 
REPAIRS. 
TESTING AND EXPERIMENTAL WORK CARRIED OUT. And Electrical Instrument Makers. 
ANDERSON, CAMPBELL & MUNRO, 
MAKERS OF 5078 


HYDE PARK ELECTRIC WORKS, | * 
HYDE PARK sT..Gquascow. | THE SCHANSCHIEFF PORTABLE BATTERY CASES. 


i | 
| 
t ! 
K.T. 
| 
| | 
ELECTRICAL CASE WORKS) 
| 
| 
q 
— | 


K.T. 
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GULCHER ELECTRIC LIGHT & POWER COMPANY, Lt 


ARE NOW MANUFACTURING SPECIALLY FOR THE avant My 


TRANSFORMERS ELECTRICAL 
BATTERSEA RSE A DYN ATUS | 
DYNAMOS. | AMn MOTORS. 
THE GULCHER ELECTRIC LICHT&POWER \ 
BATTERSEA FOUNDRY LONDONsw. 


For Catalogue and Particulars applyt0 MIANAGER, BATTERSEA FOUNDRY, S.wWw. 


JOSEHPH BOURNE & SON, 


MANUFACTURERS OF THE WELL-KNOWN 


STONEWARE TELEGRAPHIC INSULATORS AND BATTERY JAR8. 


For Thirty years these manufactures have been celebrated for a high degree of vitrefaction combined with great toughness and strength. 


Brown Stoneware. White Stoneware. Brown Porcelain. Porous Cells. 
Hoonomy Strength and Durability combined. Prise Medal, Paris Electrical Exhibition. 


Makers of Mr. Slater Lewis’ ivan Self-Binding Insulator. 


Works: DENBY POTTERY, NEAR DERBY. 
London Office: 6 ST. PANCRAS STATION EUSTON ROAD, N.W. 2148 


RAMSDEN, CAMM & CO.. 


BRIGHOUSE. YORKSHIRE, | 
Bron and Ateel Wire Drawers and Galvanijzers. 


MANUFACTURERS OF 


TELEGRAPH, TELEPHONE AND CABLE WIRE, 


Rac, Contractors te H.M. Postmaster-General, the Indian and Colonial Governments and leading Railway Companies 
LONDON OFFICE: 72. KING WILLIAM STREET. E.C. 1703 


Sheets, Rods, Tubes, Cells, &c., for Electrical rical Purposes, 
MANUFACTURED BY 

THE NORTH BRITISH RUBBER CO., LIMITED, 

Edinburgh ; London, 57, Moorgate St.; Manchester, 6, Charlotte Sts 

Liverpool, Cereal Court; Glasgow, 106, Buchanan St. 9474 


OUR CATALOGUE 
of Accessories 


THE ONLY 
Complete and Perfect 
ONE IN THE WORLD. 


BELT PULLEYS, 


Belt Flywheels, Step-Cone Pulleys. 


Gear Flywheels, Mortice Wheels. 


SHAFTING, 
Loose Collars, Fast Collars, Couplings. 


Horizontal, Angle, Vertical, Hanging. 


FIXINGS, 
Wall-Boxes, Hangers, Brackets, Stools 


THE “EXCELSIOR” DYNAMO 


throughout the Kingdom. 


Simplicity, efficiency and durability at considerably reduced prices. 
HARPERS ...... ABERDEEN. SOLE MAKERS- 
Our new List of CASTINGS of above, % cwt 5 st LE D IES, 
will interest Engineers with Workshops, cs Glectrical Gugineers, 


HYDE 


NEAR MANCHESTER... 


59. 
i 
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SPSS 


ART 0st perfect ever produced, 
echanically the simplest. 
L Type (45 Plate) Ship Lighting Cell Gfrlectrically a great advance, 


SEE: 


Ge 


amphlet.— rnd, Ed. 1888, “The BPS. for the Public Supply of from Storage Batteries.” 
Mew Yllustrated EDITION, 1888. RoyaL OcTavo. 


E.P.8. ACCUMULATORS, STANDARD TYPES. ACCESSORY APPARATUS. 
L Type (Glass Cell), Great Storage Capacity. Regulating Switchboard, 60 to 1.000 amperes. 
L. Type (Wood Cell), specially made for Ship Work. Automatic Apparatus. 
T Type for rapid discharge Traction Propulsion. Heavy Current Switches, 
C Type for Train Lighting. a Apparatus. 
V Compact Portable Sets for Vehicle Lighting. ectre-Meters. 


Electric Launches. 
Electric Tramcars, and every requisite for 


Special Cells made to specification for— Installations on the Storage System. 
Central Station Lighting, Contractors for— 
Telegraph and Telephone Purposes, Central Station Lighting, 


Military Work, Isolated Plant Installations, 
Miners’ Lamps. Temporary Lighting Jobs, &., &c. 


POWER STORAGE 


COMPANY, LIMITHD. 


4, GREAT WINCHESTER STREET LONDON, E.C. 


Telegrams “ Storage, London. Telephone No. 338. 


~i 
\ CBZ 
4 ~ CAA 
\ 
SSS 
NEES | 
=== 
==s 
B= 
7 
4 
ublication 
twa 
x 
4 
ie 


December 27, 1889.) THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW. xv 


ALLIANCE ENGINEERING WORKS, WEST DRAYTON, NEA ONDON. 
: PRINCE'S MANSIONS, 68, VICTORIA ST., WESTMINSTER. 


London 
% ALLIANCE’ DYNAMOS AND hy for all purposes, All sizes ready for immediate delivery. Made by special machinery in the best manner possible and 


of the very best ma‘ 
THE STATTER PATENT CONSTANT CURRENT DYNAMO has a higher commercial efficiency than any other, either English or American. 


AUTOMATIC BHINGINSES and DYNAMOS for SHIP LIGHTING 


Write for Lists. Note to Contractors.—Messrs. Statter do not tender for wiring jobs. Telegrams: “Statter, West Drayton.” 


Rona A. 


BLECTRICAL BNGINEERING WoOoRES, ACTON HILL, LONDON, 
CONTRACTOR TO THE LORDS OF THE ADMIRALTY, INDIAN GOVERNMENT 4c., éc. 
MANUFACTURER OF ELECTRICAL FITTINGS OF EVERY DESCRIPTION, 


Including Scott’s Patent Main Switchboards, Lampholdera, Search Light Seefouene, none, &c., kept in stock. 
Complete Plant for Ship Lighting. Estimates on application 1808 


SCOTT’S HARDENED INDIA-RUBBER VARNISH should be used in all cases where PERFECT INSULATION ON DYNAMOS, &c., is desired. 


THE BABCOCK & WILCOX CO. 


PATENT 


WATER-TUBE STEAM BOILER. 


Specially adapted and generally used for 


- 
| 


Because of their Great Economy in Fuel, Safety from Explo- 
sion, Durability; but principally their Entire Reliability. 


in panty lor a considerable Bre riod, some 1,400 
at the tn- tallation of the 


| ant installation of these pollere it in connection with the lighting of the Grand 
io Vienna. 
In connection with ELECTKIC LIGHTING, the reliability that can be 


increasing trade of the company. 


A VALUABLE B90 ON STEAM FREE ON APPLICATION, 


European Works : KILBOWIE, near GLASGOW. 
Head Office for Europe: 107, HOPE ST., GLASGOW. 
London Office: 114, NEWGATE STREET, E.C. 


| Ise. 


ELECTRIC LIGHTING PURPOSES, 


The Kditsoun Company have in ase apwarde of 10,000 H.P. of these vvilers in all 
of the world. An important instaliation — bre seen ut work at the Grosvenor 

| allery, ndon. The Societn Anglo-K Roma, have had 
ney ma alan, at work 

ver jettrion, Palermo, siclly, 
&c, The Imperial ¢ Vienna, ta baving erected an im “4 


these boilers hus led to their preference over othera,and has eneured the ate] 


Manchester Office: 28, DEANSGATE. Paris office: 20, BOULEVARD VOLTAIRE. Brussels: 44, PLACE DE BROUCKERE, BRUSSELS. 


(2070"/ For Australia and New Zealand, address CHARLES G. EWING, care of the SINGER MANUFACTURING eed 
Corner of William and Latrobe Streets, Melbourne, Victoria. 


Britannia Iron Works, Gainsborough. 
LONDON OFFICES, SHOW ROOMS AND ‘STORES -—MARSHALL’S BUILDINGS, 79, FARRINGDON ROAD E.C. 


COMPOUND STATIONARY ENGINE & BOILER, 


WITH PATENT AUTOMATIC EXPANSION VALVE GEAR. 
Highest Award MELBOURNE INTERNATIONAL EXHIBITION, 1889.—First Prize and Special Mention for Excellence Ne 
for Engines; First.Prize and Special Mention for Excellence for,Thrashing Machinery. ip { 


MARSHALL, SONS & Co., 


Calcutta International Exhibition, 1884, 
Awarded First-Class Certificate and Gold Medal 
for Strength Efficiency and Economy 


= 


Telegrams ‘jer Works : 


New Catalogues, with Current Prices, ‘free on apolication. London.” 
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INDIA~ RUBBER COMPOUND 


EXPANSION 
SHEETING. 


RINGS. 
PATENT. 


Made from 1-Ply for, Cylinder and Faced Joints to any thickness for uneven surfaces. 


The above, which can only be obtained from this house, is | The Centre from which the requisite elasticity is obtained 
recognised as the Most Efficient and Economical Jointing ! will adapt itself to uneven surfaces to which it may be ap- 
, Material in use. It is composed of a specially-prepared plied, and allow the expansion and contraction to be fully 

‘ India-rubber Compound, protected by a covering of Vul- taken up. The covering being of Asbestos Cloth, imparts 

» canised Asbestos Sheeting, as shown above, and asit @ protection to the centre and so prolongs its elas- 

' is the only Jointing Material which adequately ticity. For Manhole, Mudhole, Steam Pipe, 
‘combines PERMANENT ELASTICITY WITH and Mash Tun Door Joints it is unequalled, 
‘ HEAT. RESISTANCE, the advantages it and if applied as directed a ring can be 
| possesses will at once be seen. used many times over. 


= = 


‘MANCHESTER: Cable Street, CO» BELL'S ASBESTOS. BIRMINGHAM : 7, John Bright 
$37 Blackfriars, Street, 


GLASGOW: 35, Robertson Street, 
CARDIFF : West Bute Street, 


_| LIVERPOOL : 2, Strand St., James St. 
‘HULL: Humber Dock Basin, 


“WarK por? 


: BELFAST, DUBLIN, ANTWERP, BERLIN, BARCELONA, TRIESTE, LISBON & GENOA. 
ASBESTOS BELL’S ASBESTOS BELL’S ASBESTOS. 
_ BOILER PRESERVATIVE | YARN & SOAPSTONE PACKING 
, Will effectually keep Boilers clean and re- Is the BEST LOCOMOTIVE PACKING made. NON-CONDUCTING COMPOSITION. 
move any Incrustation, without injury < 
to the Boiler Plates or Fittings. 


loss by radi- “4 a 


ation, and 
ft saves 40 per 
cent. of fuel. 
BELL’sS 
COMPOUND HYDRAULIC PACKING aus 
18 SPECIALLY SUITED FOR 
HYDRAULIC MACHINERY, ACCUMULATORS, AND AMMONIA ary in bags 


AND ALL PUMPS. therefore 


FE others sent 
A out wet. 
ZZ All bags are marked as above. 


ASBESTOS LUBRICANT. 


Any customer receiving 
Oil sol. as Bell's Asbestos 
Lubricant, & Cask, Drum, 
or Corks not marked as ¥ 


my quested to forward us 
sample and particulars 
of where obtaioed. 


‘All Drums are marked as above. Every Cask & sent out as above. All Corks are sealed as above. 


‘ 


4 
| 
| 
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REGISTERED. 
ADVANTAGES OF ASBESTOLINE. 

basses | ASBESTOLINE is the most efficient Lubricant for all bearings. 


ASBESTOLINE is the cheapest Lubricant. 
ASBESTOLINE saves from 50 to 90 per cent. of the Cost of Oil. 
ASBESTOLINE is the Cleanest Lubricant. 
ASBESTOLINE is favoured by Instrance Companies. al 
ASBESTOLINE is the most Inodorous Lubricant. 


ASBESTOLINE is the safest Lubricant, its flashing point being 700 F. 

= Min 1) ASBESTOLINE has beaten all other Lubricants in making trials. 
i i Mi ASBESTOLINE is applicable in and out doors in every climate. 
Mier labelled as above. ASBESTOLINE requires no special application. 


CONSISTENCY OF ASBESTOLINE. 


ASBESTOLINE, to meet all circumstances, is made in four | ASBESTOLINE (, is for use in tropical climates, both ashore 
degrees of consistency, A, B, C, and CC. | and afloat. It is also invaluable in works in this country 
ASBESTOLINE A. is specially adapted to ordinary Land when the temperature is high. 
Engines and Machinery, in and out-door, in this country. ASBESTOLINE CC, is designed for use on calenders, paper 


BELL’S ASBESTOS.’ 


ASBESTOLINE B, a little more solid, is for use on Steamships machines, &c., where the bearings are heated by steam 
in temperate climates, also on land when it is desirable to passing through, and sometimes is advantageously used 
have Lubricant stiffer than A. instead of C. 


The reputation of Asbestoline as a lubricant of the highest efficiency in every kind of machinery is established, and it has never been equalled by any other lubricant 
in the numerous cases of special difficulty in which the best oils are ineffectual. This reputation is growing daily, because it is based on the experience of 
thousands of users under the severest circumstances uny lubricant has ever been subjecte! to, and not on mere laboratory tests and professional analysis 
of insignificont quantities. It is used with marked success in Steel and Iron Works, Collieries, Cotton and Wool Mills,and other Textile Manufactories. In Corn Mills it 
has proved invaluable on the roller and other modern machines. In saw Mill-,on Machines going up to 5,00 revolations per minute, its work has never beeu app oached 
by any other Inbricant. On Electric Lighting Machinery, and ia Steam-<hips or all sizes throughout the world, the success of Asbestoline is unequalled. Muny engines and 
machines of all descriptions give trouble and show bad results, both in working and wear, when the system of lubrication has not received due consideration. Engineering 
firms of the highest standing have given to it their powerful testimony and support. 


SUPPLIED IN KEGS, 28 lbs. 56 lbs., or 112 Ibs. 


SPECIAL TERMS FOR LARGE QUANTITIES. 


IMPORTANT TO EXPORT MERCHANTS.—One Pound of “ Asbestoline * equals 2 gallons of Oil weighing 18 Ibs, 
consequently the saving in freight is very considerable. Liberal Terms are conceded to Export Merchants, 


BELL'S ASBESTOS 
DAGGER PACKING 


SQUARE, ROUND. 
Every 10 feet has label as above, and bears our Trade Mark. 


Under this registered title are included the inventions of Mr. Field, and experience has prove: them to be 
THE MOST EFFICIENT, DURABLE, AND ECONOMICAL PACKINGS ever made. They constitute anch a 
eombination of Asbestos and India-rnbber as secures the maximum of elasticity and heat resistance, and they 
are therefore UNEQUALLED FOR EVERY KIND OF ENGINE. These Packings are being universally used by 
most of the leading Steamship Companies throughont the world for ordinary Compound, Triple, and Quadruple 
Expansion Engines of the Jatest type. These Packings are composed of Rolled Asbestos Cloth, but the India- 
rubber is placed in two forms to snit various cases. 


= In ordering, state whether square or round required. _s~j 


BELL’S ASBESTOS COMPANY, LIMITED, 


SOUTHWARK, LONDON, S.E. 


DEPOTS :—WMANCHESTER : Cable Street, Blackfriars. LIVERPOOL: 2, Strand St., James St. CARDIFF: West Bute Street. 
BIRMINGHAM: 7, John Bright Street. HULL: Humber Dock Basin. GLASGOW: 35, Robertson Street. 
DUBLIN, BELFAST, BERLIN, BARCELONA, TRIESTE, LISBON, and GENOA. 2922 
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Screw Manufacturers, 


QD - 24, CHARLES ST., HATTON GARDEN, 


LONETON, E.c. 


TWO MEDALS 


AWARD HD 
For Excellency of Manufactures, 


PARIS INTERNATIONAL EXHIBITION, 1889. 


Ni 


Ad 
Y 
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AlL THESE COODS ARE SHOWN FULL SIZE AND KEPT IN STOCK 


- 


) 


SOLE AGENTS FOR J. O. MOUCHEL’S HIGH CONDUCTIVITY COPPER WIRE. 


STRAIGHT DRAWN, BRASS, IRON AND STEEL, ROUND HEXAGON AND FLAT 


ALL SIZES EFEPT IN 


ESTIMATES FOR SCREWS AND TURNED PARTS ON RECEIPT OF PATTERNS. 


bi 


Considerable Reduction for Large Quantities. 
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Ali Rights Reserved.) Telegraphic Address: ** Ageekay, London.” ABC Code. [Registered at @.P.0.as Newspaper. 


LONDON: PUBLISHING OFFICE, one PATERNOSTER Row, E.C.—Svusscrirtion per annum, Postage 
inclusive, in Great Britain, 19s. 6d.; Countries in Postal Union, of the first class, 21s. 8d.; of the second class _— 
India, Persia, &c.), 23s. A parE 5 hm D. Van Nostranp, 23, Murray Street, and 27, Warren Street. 
Madame Veuve J. Borvzav, Librairie Etrangére, 22, Rue de la Banque. po : A. AsuzR & ‘Co., 5, Unter den Linden. 


JOHNSON 


ENGINEERS AND. ELECTRICIANS. 


OFFICES:—14, UNION COURT, OLD BROAD STREET, LONDON, E.C. WORKS :—CHARLTON, KENT. 
TELEGRAPHIC ADDRESS:---“JUNO LONDON. 
TELEPHONE No. 1,010. PRIVATE WIRE. CITY OFFICES TO WORKS. 


ARC LAMPS FOR ee PURPOSES. 


SMALL TYPE 
+ (5 to 8 Ampéres) 


BROCKIE-PELL 


PATENT 


ARC LAMP 
FOR INDOOR USE 


SMALL PROJECTOR FOR LANTERNS. 


SMALL PORTABLE ARC LAMP. Ceight to Ave = tnehen.) 


(Height to Are = 12 inches.) 
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SILVER MEDAL, INTERNATIONAL ELECTRIC EXHIBITION, 1882. 
international Inventions Exhibition, 1885. GOLD MEDAL for Machinery. SILVER MEDAL for Cables and Wire, 


MANUFACTURERS MANUFACTURERS 
( By Patent Processes) ( By Patent Processes 
or 
Silk and Cotton Covered & cee Fancy Silk Covered and 
Wire and Tape of all Be Eom Flexible Wires for Lamp 
Sizes for Electrical pur- Suspending, &c. 
Double Concentric Elec- 
Light Cables for 
Specially Insulated Ship Work. 
Electric Light Leads. All classes of Aerialand 


Underground Cables to 


Cables and Maltiple any Specification, 


Wire for the various Special Antl-Inductlon 
Systems. Cables for the Telephone. 
Contractors to H.M. Postmaster-General the Indian Government, the principal Railway, Telephone. and Electric Light Companies. 


MANUFACTURERS, BY PATENT PROCESSES, OF GLOVER’S PATENT COVERED IRON WIRE FOR AERIAL LINES. 
Glover’s Patent Covered High-Conduetivity Copper Wire for Aérial Lines. 


Glover's Patent Covered Gutta-Percha Wire for Leading-in, Tunnel, and Underground Work. 


THOROUGHLY INSULATED ANTI-INDUCTION TELEPHONE CABLES UP TO ONE HUNDRED WIRES. 


WALTER T. GLOVER & CO., 


Glectrical Wire and Cable Makers, 
| SALFORD, MANCHESTER. | 
Bridgewater Street Iron Works. 


worKs:—} Salford Electric Wire Works. } SALFORD. 
Springfield Lane Cable Works. 


LONDON: 10, HATTON GARDEN, E.C. -. 


ARG LAMPS 


Work Perfectly in either Series or Parallel. 


PATENTEES AND SOLE MAKERS— 


TRAFALGAR ST. BRADFORD. 


Illustrated Price Lists on application. 3315 


DAILY AVERAGE, 


T A 300 miles. 
Running on the Barking Rd., E., for the 


TRAMWAYS 


and every other form of traction. Full Particulars 
from the SECRETARY, 


BLECTRIC TRACTION Co., Lé., New Broad St. House, LONDON, B.C 


FLECTRIC 37,000 MILES ALREADY RUN 
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| SPECIAL PLANT FOR SHIP LIGHTING. 
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Telegraph Address: Telephone 
* PATELLA, LONDON.” Exchange, 1,140. 


Glectric Light Gnogineers, 
European Works: Pownall Road, DALSTON, 


(NEAR HAGGERSTON STATION). 


PHCNIX DYNAMOS, 


SHUNT, SERIES, OR COMPOUND, 
For Hectric Lighting, Electro-Plating, or Electro-Chemical Work. 


PHCENIX AND PILSEN ARC LAMPS. 


SEARCH LIGHTS OR PROJECTORS, 


or Mercantile use. 


MEASURING INSTRUMENTS.—Ayrton and = 
Perry Ammeters and Voltmeters. Electro- 
magnet Ammeters and Voltmeters. Car- 
dew’s Voltmeter. 


FITTINGS.—Sockets, Switehes, Safety Junctions Shades, Reflectors, Brackets, Pendants, &c., suited for Ship 
Lighting, Mines, Factories, Mansions, Corn Mills, and all other purposes. 


PHCENIX CARBONS. ACCUMULATORS. CABLES. 
TELEGRAPH INSTRUMENTS, ELECTRIC SIGNALS, &c. 
Engines, High-Pressure & Condensing. Bollers, Turbines, Water-Wheels, Shafting, Pulleys, Belting, &c. Gas & Petroleum Engines. 
SOLE AGENTS FOR THE HERMITE ELECTRO-BLEACHING SYSTEM. 
Estimates and Specifications for Electric Light Installations free of cost. 


EXPERIENCED MEN SENT TO ALL PARTS OF ENGLAND AND THE CONTINENT 
Special attention paid to Foreign and Colonial Orders. 50s 


Telephone No. 5422. ESTABLISHED 1870. Telegrams: “ Flexible, London.” 


SILVER MEDAL INTERNATIONAL ELECTRIC EXHIBITION, 1882. 


PHILLIPS BROTHERS, 
Glectricians, 
OFFICES AND WORKS: THE LEA TELEGRAPH WORKS, HACKNEY WICK, LONDON, E. 


MANUFACTURERS OF CABLES, WIRES, &c., TO ANY SPECIFICATION. 
MULTIPLE CABLES, AERIAL AND SUBTERRANEAN. 


_ Gutta-Percha, India-Rubber, and Compound Wires of every description for Telephone and Electric Bell Work. 


FANCY BRAIDED WIRES OF EVERY DESCRIPTION. 
COTTON AND SILK COVERED WIRES FOR DYNAMO MACHINES, MAGNETS, &c., &. gy 


LAURENCE, PARIS & SCOTT, LIMITED, 


GOTHIC WORKS, KING ST., NORWICH. 


Highest Award Birmingham Electrical Exhibition. 


DYNAMOS AND MOTORS. 


_ Continuous Current Transformers. 
PATENT IMPROVED 
UNDERGROUND MAINS. 

PATENT INSTANTANEOUS FUSES, 
Telegraphic Address: “GOTHIC,” NORWICH. 
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WORKS COMPANY, 


Offices and Warehouses: 106: & 100, CANNON STREET, LONDON, E.O. 
Works: Silvertown, Essex; Persan-Beaumont, France. 


TELEGRAPH ENGINEERS AND MANUFACTURERS 


OABLES.—Submarine, Subterranean, and Aerial. 
WIRE.— ndia-Rubber and Gutta-Percha in all gauges. 


INSTRUMENTS.—“ Morse” Inkers, le Needle, Wheatstone’s Al , Semaphore “Block” Instruments, Bells, 
Resistance Coils, . Thomson’s, and other Condensers, Instruments, &c. 


MANUFA TURERS FOR GREAT BRITAIN, IRELAND, 
BOLANGHS BATTERY. whic has récelved the favourable 
other eminent Telegrap’ and is now the Post Office 
Eng’ tinen ways. Asa Battery for all Telegraphic pre-eminent. 
other kinds of Batteries also manufactured. Ebonite Cells, Carbon Plates, &e 


INSULATORS.—Ebonite, Porcelain, Brownware, &e. 
or Tue most Improvep Arrararvs ror RAILWAY BLOCK SIGNALLING. 


SEMAPHORE REPEATERS, ‘ LIGHT” INDICATORS, AND WALKER'S “ PASSENGER AND QUARD ” COMMUNICATOR. 


‘TELEGRAPH STORES AND APPARATUS OF EVERY DESORIPTION. 


-+QOLPHDO APPARATUSB. 


THE INDIA-RUBBER, GUTTA-PERCHA, AND TELEGRAPH WORKS COMPANY (Limited) are 
Patentees and Manufacturers of a Complate System of Torpedoes for Harbour and Ooast Defence, 


SILVERTOWN PATENT FIRING BATTERY. 
A Constant Battery for Mining and Blasting Purposes. 
CONTRACTS ENTERED INTO for the SUPPLY, CONSTRUCTION, and MAINTENANCE of TELEGRAPH LINES. 


MANUFACTURERS OF 


VULCANISED INDIA RUBBER. 


VALVES SHEET, BUFFERS, SPRINGS, WASHERS, WHEEL TYRES, CORD TUBING, AND DOOR AND CARRIAGE MATS: 
INDIA RUBBER AND CANVAS SUCTION AND DELIVERY HOSE. 


INDIA RUBBER and CANVAS STEAM PACKING — ROUND, SQUARE, and SHEET. 


INDIA RUBBER MACHINE DRIVING BANDS. 


WATERPROOF GARMENTS AND FABRICS: 


Coates, Capes, Leggings, Hate, Helmets, Knee Wrappers, Di Sheeting for Hospitals, Water and Air-Proof Beds 
Pillows, Gushion Bottles, Bethe, Life’ Belte, Ges Gas Bags. 


EBONITE. 
Not affected by Vinegar or Hydrochloric or Acetic Acid. 
Pumps. — Speaking Tubes, Mouthpieces. Sheet and Rod. 
Photographic Articles. | Battery Cells. = | Surgical Appliances. 
GUTTA-PERCHA. 


Tubing, Belting, Buckets, Bosses for Flax Spinning, &c. 


Works: SILVERTOWN, ESSEX, LONDON, E.; PERSAN-BEAUMONT, FRANOE. 
London Office—106, CANNON STREET, E.C. 
Warehouse—100, CANNON STREET, E.C. 
BRANCH WAREHOUSES : 


Boots 70, t Road Bristou ove 2, Clare Street. 
LrvERPooL 52, Castle Street. Nzwrort, Mon 82, Dock Street. 
GLascow 20, Dixon Street. Pierhead Chambers, Bute Docke, 
SHEFFIELD 64a, High Street. Borough Road. 
PorTsMoUTH 49, High Street. Bremineuam Cobden Buildings, Corporation Street 
88, High Street. MANOHESTEE ... ove 4, Fountain Street. 
15, St. Andrew Street. 9, Trinity Street. 415 


Printed by E. KNIGHT, 18 and 19, Middle Street, E.C., and Published by the Proprietors, H. ALABASTER, GATEHOUSE & Co., at 22, Paternoster Row, London. 
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